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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procgdures used to develop this document and those intended for its further maintenance-gre
described|in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed\for the
different fypes of ISO documents should be noted. This document was drafted in accordance with the
editorial fules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention|is drawn to the possibility that some of the elements of this document may.bé the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patént rights. Detailq of
any patenf rights identified during the development of the document will be in the.Introduction andjor
on the IS{ list of patent declarations received (see www.iso.org/patents).

Any tradg name used in this document is information given for the convenience of users and does not
constitutg an endorsement.

For an expllanation on the meaning of ISO specific terms and expressiohsrelated to conformity assessmgnt,
as well as|information about ISO’s adherence to the World Trade Organization (WTO) principles in the
Technical Barriers to Trade (TBT) see the following URL: www:iso.org/iso/foreword.html.

The comipittee responsible for this document is Technical Committee ISO/TC 207, Environmental
management, Subcommittee SC 5, Life cycle assessment.
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Introduction

Principles, requirements and guidelines for the quantification and reporting of a water footprint are
given in ISO 14046. The water footprint assessment according to ISO 14046 can be conducted as a
stand-alone assessment, where only impacts related to water are assessed, or as part of a life cycle
assessment. In addition, a variety of modelling choices and approaches are possible depending on the
goal and scope of the assessment. The water footprint can be reported as a single value or as a profile of
impact category indicator results.

This—document prnvidnc illustrative pvqmp]pc on the app]ir‘ah'nn of I1SOQ 14046 to further enhance
unfderstanding of ISO 14046 and to facilitate its widespread application.

At|the time of the publication of this document, water footprint assessment methods are developing
rapidly. Practitioners are encouraged to be aware of the latest developments when‘undertaking water
foqtprint studies.

Thiese examples are for illustrative purposes only and some of the data used-are fictitious. Thie data are
nof intended be used outside of the context of this document.

Thie Bibliography might contain references to methods that are not fully;compliant with ISO 1404 6:2014.

© 1S0 2016 - All rights reserved vii
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Environmental management — Water footprint —
[llustrative examples on how to apply ISO 14046

Thie examples are presented to demonstrate particular aspects of the application of]ISO 1

thg
IS

NO

walys of calculating the water footprint, provided they are in accordance with [SO.14046.

2
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co
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.1 Symbols

tprint of products, processes and organizations based on life cycle assessment.

brefore do not present all of the details of an entire water footprint study report as re
14046.

TE The examples are presented as different ways of applying ISO 14046 and do not preclude

Normative references

e following documents are referred to in the text in such-d way that some or all of the
nstitutes requirements of this document. For dated reférences, only the edition cited ay
dated references, the latest edition of the referenced deeument (including any amendment

14046:2014, Environmental management — Waterfootprint — Principles, requirements and

Terms and definitions

" the purposes of this document, the term’s and definitions given in ISO 14046:2014 apply.

[SO Online browsing platform: available at http://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/

Symbols and abbreviated terms

characterization factor

the water

4046 and
quired by

hlternative

ir content
plies. For

5) applies.

lguidelines

and IEC maintain terminological\databases for use in standardization at the following addiresses:

concentration

< X W =m O

©lI

emission
footprint
rainfall

volume

SO 2016 - All rights reserved


http://www.iso.org/obp
http://www.electropedia.org/
https://standardsiso.com/api/?name=93db0e5a0ca136d566597699cf0a8bc2

ISO/TR 14073:2016(E)

4.2 Abbreviated terms

1,4-DB
2,4-D
APSIM
BOD

CF

1,4-Dichlorobenzene
2,4-Dichlorophenoxyacetic acid
Agricultural Production Systems sIMulator

Biological Oxygen Demand (BOD5 means “measured during 5 days”)

CoD

CTU

CWU
CWV
DALY
DWU
DWCM-Ag
ET

FU

H;0-eq

LCA
LCI
LCIA
OEF

PEF

WU

PDF

Chemical Oxygen Demand
Comparative Toxic Unit

NOTE 1 “CTU.” for ecosystems; “CTUy” for humans; “CTU.” for canger; “CTUyp-¢"
non-cancer.

Consumptive Water Use

Critical Water Volume

Disability Adjusted Life Years

Degradative Water Use

Distributed Water Circulation Model Incorparating Agricultural Water Use
Evapotranspiration

Functional Unit

Water “equivalent”

NOTE 2 Typical unit to express the impact score associated with water scarcity. Son
times the term H20-eq'is written H0 eq, or H,Oe.

Life Cycle Assessmeiit

Life Cycle Inventory

Life Cycle Jmpact Assessment
Organization Environmental Footprint

Product Environmental Footprint

for

Potentiallv Disanpeared Eraction of snecies
4 j ul o r

PAF
RU

TOC
WSI

Potentially Affected Fraction of species
Reporting Unit
Total Organic Carbon

Water Scarcity Index

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=93db0e5a0ca136d566597699cf0a8bc2

ISO/TR 14073:2016(E)

NOTE 3 Sometimes the term water stress index (also abbreviated as WSI) is used in the
literature for what is termed a water scarcity index in this document.

WSF

WULCA Water Use

Water Scarcity Footprint

in LCA

5 Selection of the type of water footprint assessment

51 General
Thie water footprint assessment conducted according to ISO 14046 can be:
—| astand-alone assessment where only impacts related to water are assessed;
—| a part of a life cycle assessment (LCA) where consideration is given to“d comprehengive set of
environmental impacts, which are not only impacts related to water.
Taple 1 lists the illustrative examples in this document and the differént topics that are highlighted in
eath example.
Table 1 — Types of water footprint assessment shown in the examples
Product/
process or | Topic highlight- Case _study Type of footprint| System Impact
Example o used in the assessment
organization eda I a boundary hod 2
focus exampie metho
. n/a (Water foot- .
A Product/ Wa.t er footprint Réwer plant print inventory |Gate-to-gate n/a (inventory
Process inventory only)
only)
Product/ .Water footp.rlnt Rice cultiva- n/q (Water foot- n/a (inventory
B inventory using a : print inventory |Gate-to-gate
Process . tion only)
baseline only)
i - i Boylay et al.
C Product/ Op'tlon com Municipal Water scarcity (2016}), (WU
parison using |water manage- . Gate-to-gate
Process . footprint
scarcity ment 1{CA)(5]
Application of . Ridoutt and
D pl:roodcli:(;ts/ water scarcity Rice Waft(f;tscr?;?ty Gate-to-gate| Pfister (2010)
footprint method p (6l
Boulay et
all (2016)
(WuLca)
[5]; Pfister et
al. (2009)[7];
Frisgchknecht
Influence of im- [g]t. ?EIU((ZZO&SE’?)
Product/ pact assessment . Water scarcity Cradle-to- !
E Textile . (PEF/OEF)[2;
Process method chosen footprint grave 1 )
for scarcity Boulay et al.
(2011a)[10];
Hoekstra et al.
(2012) (Water
Footprint Net-
work - WFN)
[11]; Berger et
al. (2014)[12]
a  All examples explicitly or implicitly contain a water footprint inventory.
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Table 1 (continued)

single value

water footprint

Product/ Case stud Impact
process or | Topic highlight- study Type of footprint| System P
Example S used in the assessment
organization eda a boundary
P example method 2
ocus
. . Pfister and
F Product/ Seasonality Reserv.o1r Water scellrc1ty Gate-to-gate| Bayer (2014)
Process operation footprint [13]
Water scarcity
Preduet, Searettyvsavatt Packasine footprintwrater Catot T Botdayetd].
G Process ability production | availability foot- | 0 c 0 83€ (2011a)(
print
H Product/ Influence of | Wheat cultiva-| Water scarcity Gate-to-oate Yano'et al,
Process water sources tion footprint § (2015)[14]
Product/ Influence of for- Beer produc- Water scarcity Yano et al.
[ est management - . Gate-to-gate
Process tion footprint (2015)[14]
/land use change
EU (2013)
Lo (PEF/OEF)[{;
] Product/ lj:tr(r)lllﬂ)ser :rféndle Maize Water eutrophica- [* Cradle-to- Jolliet et al
Process ofimp acfp tion footprint gate (2003) (IMf
p PACT 20024)
(15]
Bulle et
al. (2016)
(IMPACT
World+)[16];
Rosenbaunp
etal. (2008)
(USEtox)[17];
Guinée et
¢ ] al. 2001[19]
K Product/ Comprehensive Packaging gjﬁigﬁ;ﬁg&é Cradle-to- EU (2013)
Process water footprint product pres gate (PEF/OEF)
profile) [9]; Verone
etal. (2011
[19]; Boulay
etal. (2016
(WULCA)S];
Boulay et al.
(2011a)[2]
Hannafiah ¢t
al. (2011)[29]
Goedkoop
etal. (2009
Ao s . N . (ReCiPe)[21};
Product/ | Fr 0708 TS I Cereal cultiva- | . PR E Ridoutt and
L Process ing to obtain a tion sive weighted |Gate-to-gate Pfister (2010)

[6]; Ridoutt
and Pfister
(2013)[22]

a  All examples explicitly or implicitly contain a water footprint inventory.
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Example

Product/
process or
organization
focus

Topic highlight-
eda

Case study
used in the
example

Type of footprint
a

System
boundary

Impact
assessment
method 2

Product/

Process

Water footprint

as pnrfnf‘ah]f‘A

Packaging

nroduct
T

Water footprint as
parf ofanlCA

Cradle-to-

gate
[=]

Boulay et
al. (2016)
(WULCA)[5]

(Water

degradation
fojotprint
profile already
present)

Product/
Process

Seasonality

Textile product

Non-compre-
hensive water
footprint

Gradle-to-
gate

Ho
al.

bkstra et
(2012);
(W3ter Foot-
prinf Network
- WFN)[11]

Product/
Process

Applying weight-
ing to obtain to
single value

Municipal
water manage-
ment

Non-comprehen-
sive weighted
water footprint

Cradle-to-
grave

Pfigter et al.
(2p09)(Z];
Ridoutt and

Pfister (2013)
[22];

Gogdkoop et
al} (2009)
(ReCiPe)
[21]; Jolliet
etdl. (2003)
(IMPACT
20p2+)[15];
Rogenbaum
etdl. (2008)
(UYEtox)[17]

Organization

Applying water
footprint to dif-
ferent sites

Chemical pro-
duction

Non-compre-
hensive water
footprint

Gate-to-gate

Berlger et al.
(2p14)22];

Saling et al.
(2p02)[23]

Organization

Applying water
footprint to
supply chain of a
company

Aluminium
production

Water scarcity
footprint

Cradle-to-
gate

Pfigter et al.
(2009)(Z]

Organization

Applying water
footprint to a ser-

Hotel opera-

Non-compre-
hensive water

Gate-to-gate

B
al

ulay et
(2016)
(WULCA)[3] at
thelmonthly
approach;

vice company

Trott

footprint

Goedkoop
etal. (2009)
(ReCiPe)[21]

a

All examples explicitly or implicitly contain a water footprint inventory.

NOTE1 Guidance about application of LCA to organizations is given in ISO/TS 14072. In addition,
ISO 14046:2014, Annex A, provides guidelines for water footprint assessment of organizations.

NOTE 2  The principles of comprehensiveness for an LCA study and for a water footprint assessment are
different (see ISO 14040:2006, 4.1.7, and ISO 14046:2014, 4.13).

NOTE 3  The term “partial” is sometimes used as a synonym for “non-comprehensive”. However, “partial” is
avoided in this document as it is also used with a different meaning, such as in ISO/TS 14067.

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=93db0e5a0ca136d566597699cf0a8bc2

ISO/TR 14073:2016(E)

5.2 Choice of the type of water footprint study

The different types of water footprint are defined in ISO 14046:2014, 5.4.5 to 5.4.7. The choice of a
particular type of water footprint to be assessed in a stand-alone water footprint study is determined
in the goal and scope definition phase.

In addition to the goal of the study (see ISO 14046:2014, 5.2.1) the choice of type of water footprint may
be influenced by consideration of an appropriate system boundary, the type(s) of water resource used
and affected water resources, the associated changes in water quantity and quality and determination
of relevant impact assessment categories and methodologies.

Figure 1 fllustrates a procedure for choosing the type of water footprint for a stand-alone wafer
footprint ftudy.

Determine the system boundary with special consideration of unit processes
with high water use or located in areas with high water scarcity or processes
with high water pellution

L]

Step 1: Cheide of appropriate
systenp boundary

Step 2: ldentification of water Determine the types of elementary flows to be considered, including types of

resoufces used water resources from which water is withdrawn and types of water bodies to
and affected|water resources which water is released (lakes, rivers, groundwater, sea, icebergs, glaciers abd

reservoirs)
‘ No, below
- - - . - ! } cut-off criteria
Step 3: Changes in water gquantity Are there site-specific changes in water guantity and/or waterduality to/from Mo furthef
- —_—
and yater quality a water body? action

Yes, above cut-off criteria

L L

Determine site-specific quantitative Detefmine site-specific gualitative
changes changes
| |
Step 4: Detefmination of impact Choose impact categories, category indicators and water footprint impact
categories, fategory indicators assessment methods (charactefization models) based on the goal and scope
and charadterization models of the study and aided\by thé additional information collected in steps 1, 2,
and 3
Stepfs: Choosing thf? Determinethe type of water footprint based on the information collected in
type gf water footprint steps 1, 2, 3, and 4 and the goal of the study

Figure 1 — Procedure for’ehoosing the type of a water footprint assessment for a stand-alonje
water footprint study

The procqdure for,ehoosing an appropriate system boundary in a water footprint study as defined in
ISO 14044:2014,.3:348, can be supported by collation of additional information such as:

— develpping a map showing the geographical location of each unit process;

— identification of the unit processes that are located in areas of critical water availability (taking into
account relevant seasonal and temporal variability);

— identification of the unit processes with air, water and soil emissions that can potentially affect
ecologically vulnerable water bodies.

All water inputs and outputs relevant to the system (see examples in Figure 2) are considered for
relevant changes in water quantity (volume) and water quality parameters and/or characteristics,
including emissions to air, water and soil that affect water quality. Estimates may be based on readily
available data or models.

6 © IS0 2016 - All rights reserved
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From nature:

Precipitation

Surface water*

Ground water*

Sea water*

Brackish water*

Unit
process

To nature:

Evaporation

Transpiration

Effluent* to surface,
ground, sea and
brackish water

Emissions to air, soil
and water, heat to
water

ISO/TR 14073:2016(E)

From technosphere: To technosphere:

Processed water* (tap

Reuse/recycle
/recy Processed water* (tap

water, effluents that can
be used, etc.)

Water incorporated
into input material

water, effluent for
treatment, etc.)

Water incorporated
into output material

*Volume and quality (can include heat)
Kigure 2 — Examples of water inputs (left) and outputs (right) for a.amit process unde¢r study

In |[addition to the goal of the water footprint study, the informatierCcollected in order to flefine the
system boundary, the type(s) of water resource used and affected-water resources, and the gssociated
(quantitative and/or qualitative) changes in water, can assist(in determining the approprigte impact
cafegories, category indicators and the characterization-‘models to be considered for the water
foqtprint study - and therefore choice of a type of water footprint. Based on the information|collected,
it is possible to:

—| estimate the degree of likely significance (i.e. potential contribution to the water footprint) of each
unit process for the study, and therefore which unit processes should become the focug for more
detailed data collection;

—| specify the data requirements (e.g. ptimary data, secondary data, estimated data) baded on the
likely significance of each unit progéss for the water footprint;

—| define the initial cut-off criteriafor the study (which are revisited throughout the study|following
1SO 14046:2014, 4.5).

Baped on this informationand/general information related to the goal of the study (see ISO 1404 6:2014,
5.34.1) the type of water footprint that will be a result of the water footprint study can be chogen.

6 | Presentation‘of the examples
6.1 Example A - Water footprint inventory of two power plants

6.1.1"\ Goal and scope

This example illustrates the compilation of water flows and emissions affecting water of a unit process.

A utility wanting to evaluate which of two planned options has the lowest direct water footprint starts
by creating the direct water footprint inventory of both options, from a gate-to-gate perspective.
This direct water footprint inventory can then be used in combination with water footprint impact
assessment methods, considering water scarcity footprint and/or water degradation footprint, to
evaluate the direct water footprint of both options.

NOTE The term “direct” is used as “what happens on the site” (see ISO 14046:2014, 3.5.14) (gate-to-gate,

excluding any inputs such as infrastructure production, maintenance and outputs such as electricity). The term
“indirect” is used for background processes (see ISO 14046:2014, 3.5.15).

© IS0 2016 - All rights reserved 7
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Inventory

Table 2 shows the water footprint inventory associated with both options. The inventory is based on
collected and modelled data and expressed per kWh of electricity produced.

Table 2 — Gate-to-gate water footprint inventory associated with two power plants options

. Option 1 Option 2
Unit . .
(power plant, situated in a (power plant, situated in a
Flows (per kWh ]EMHM}‘)A o5 0 |location B, with lower river
4 t=] (=]
produced) flow without cooling tower) flow and therefore using a
cooling tower)
Address of the power plant — AA BB
— Location A (name of the Location B.fnhame of th{
Location country and if possible country,dndif possiblg
drainage basin) draimage basin)
I — Assumed to be a constant | Assumed to be a constant
Temporal pariation
use of water use of water

Water withdrawal 1 40 10
Water reldase 1 38 6
Temperatyire of water released °C 25 25
Water conjsumed 1 2 4
Chromiun} (IIT) emitted to water g 0,001 0,001
Oil emittef to water g 0,02 0,02
S0O7 emitt¢d to air g 0,7 0,7
NOy emittpd to air g 0,6 0,6
Mercury emitted to air mg 0,04 0,04
Dioxin, 2,3,7,8, Tetrachlorodibenzo-p- ng 0,07 0,07

More if avhilable

6.1.3 In

Such an in

is someti

terpretation

ventory can be as extensive as needed to capture all emissions (as well as other informatign)
useful to apply the impact assessnrent methods that will be chosen in the study. The quality of the data
es specified in orderto provide information about the accuracy of the water footprint that
will be calculated based onthis inventory. The naming of the flows in the inventory is matched with the
naming of the flows in the)impact assessment.

From the[address of'\the power plants, the data of the location (e.g. the water scarcity index) can|be
determing¢d withinva subsequent impact assessment using satellite imagery. As the water scardity
footprint pf both-locations can be very different, comparison between both options on the inventgry
level can he-misleading.

6.2 Example B - Water footprint inventory of rice cultivation

6.2.1 Goal and scope

This example illustrates calculation of water flows based on the hydrology of an area.

This example is not a traditional LCA case study, but it illustrates a special case, considering non-
irrigated paddies as the baseline.

The example is shown as an exercise of a non-comprehensive water footprint inventory by utilizing
existing hydrological knowledge, namely the usage of a hydrological model to analyse water footprint

inventory

8

of unit processes.
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This example refers to rice cultivation, as an example of a water footprint inventory analysis, in a
country in monsoon Asia with moderate rainfall and suitable rice cultivation practices. An irrigated
area lies downstream of the intake facility (Figure 3) and the baseline land use is rainfed (i.e. non-
irrigated) rice.

This is a “gate-to-gate” example. For the purpose of this example, energy and goods required for rice
cultivation are excluded.

Snowfaff/SnowmeJ't

Irngatfon Water ~_ ! e
E il o
e - L . S
ARl
N o

Figure 3 — Depiction of basin-wide processes

6.2.2 Inventory

Thie elementary flows are quantified by utilizing a hydrological model, such as DWCM-AgWU (Yoshida et
al.|2012[24]; Masumoto et al. 2009[25]), at the scale of drainage basins. Agricultural situations typically
re}:tuire modelling because it is.difficult, or even impossible, to measure all the elementary flgws.

Thie elementary flows quantified in the water footprint inventory can be used to determine[the water
scqrcity footprint which is described in other examples. In order to determine the water ayailability
fogtprint, the water dégradation footprint or a water footprint profile, other elementary floys related
to water quality neged to be determined.

6.2.2.1 Elementary flows

In this,approach, a single process in an agricultural area receives rainfall, irrigation and residual water

(wpter'that has not been diverted from the river for the intention to irrigate this area; inflow|locations)
as inputs, and have evaporation, transpiration, ppr(‘n]qfinn ta grmlndv\r:\fpr and return flow to the river

as outputs (Figure 4).

Furthermore, it is shown that all input water is withdrawn from the location of the process and all
output water is released to the location of the process. Part of water output as groundwater gradually
returns back into the river systems or is utilized as the source of public water supply.

In paddy areas, the source of freshwater differs between rainfed (precipitation) and irrigated
paddies (irrigation water). In both cases, various types of water use exist, such as three types in
rainfed agriculture (only rainfall, rainfall plus supplementary water stored in small ponds, and using
flooding water) and six categories in irrigated paddies (gravity-fed water, pumped water, reservoirs,
impounding of silty water (colmatage), release of river water into coastal wetlands and near-shore
waters by managing controlling tides, and groundwater).

© IS0 2016 - All rights reserved 9
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Qupert: Diverted Water for Irrigation (Withdrawal) . .o I v
Q,ut: Return Flow into Rivers (Excess water Weir wr ],
which is not used in paddy areas)
Qpes : Inflows from Residual Areas R :
,' rzs: Smomas from Padcies (oo Qsivert B Inflow Locations
-y ?‘_ Q. ] ‘ /%

Groundwater & Upwelling Flow
Iy Upwelling Flow

R: Rainfall

ET:Evapotranspiration

AS:Storage

NOTE1 U
returning
irrigated

Figure

6.2.2.2
The watel

a) the ej
carrie

b) each

Diversion dusrt ‘A/l ¥
Weir /1 f\

N
oo
Change ) Z
Irrigated ‘#‘f’é’/ ,
~ea Return Flow A" Irrigated Area |
v Locations W] | [!
Downstream
of the Area N
N A
U/

pwelling flow is defined as part of seepageNOTE 2 The irrigated area is delineated for
to the surface from the ground within anDWCM-AgWU.
Area.

a) Water balance b) Inflow and outflows in an irrigated area

Calculation procedure of water footprint inventory
footprint inventory is determined as follows:

timation in water footprint inventory of.unit process for rice cultivation in paddy areas
d out at the scale of the irrigated area;

elementary flow is modelled using DWCM-AgWU, which comprises water allocation 4

1 — Schematics of the calculation for hydrological comiponents and river return rati¢

he

is

nd

management, evapotranspiration, planting time/area (rice phenology), paddy water use and runoff

mode
c) thew
NOTE
in rainy se

is not intrg

These res
expressed

6.2.2.3

s (Yoshida et al. 2012[24]; Masumoto et al. 2009(25]);

ter balance of the baseline/situation is calculated assuming no irrigation is carried out.

In the paddy-dominantareas with two or three crops within a year, paddies are classified into rain
hsons and irrigatedin.dry season. As for the baseline situation, it is assumed that an irrigation syst

duced, so paddies are regarded as rainfed types.

ults are then'summed across the basin (an example in one region of the basin; Table 3) a
in the uhits m3 per ha per irrigation period, or m3 per kg brown rice for example.

[nput'parameters and calculated results of unit processes

fed

nd

Input parameters into the DWCM-AgWU model are land use data, meteorological data, geological and
geomorphologic data, and celled basin data. The model estimates the planting area of paddies, intake
amount and soil moisture at arbitrary locations in the basin. The model is validated against observed
values of discharges of rivers and is shown to provide reliable estimates in the absence of measured data.

Table 3 shows the modelled results for the studied river basin of a country in Monsoon Asia. The data

represent

10

the average of daily calculations for 33 years (1976-2008).
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Table 3 — Results for the calculated water footprint inventory

Items Baseline (non-irrigated) Rice paddy
(m3/kg) (m3/kg)
Unit (m3/ha) (vield = 3.59 t/ha/ (m3/ha) (yield = 5.39 t/ha/
harvest) harvest)
Rainfall (R) 8880 2,48 8880 1,65
Diverted water
0 0 14900 2,76
(Qdivert) 2
? Ipplied water 0 0 (9 570) wh)

rirrigation b

nflows from
psidual areas

(Qres)

—

84 860 (surface)
and

1 610 (groundwater)

23,6 (surface)
and

0,45 (groundwater)

84 860 (surface)
and

1 610 (groundwater)

15,7 (suL'face)
an

0,30 (groundwater)

Returns into
Fivers (Qout)

92 060 (surface)
and

320 (groundwater)

25,6 (surface)
and

0,09 (groundwater)

102 680 (surface)
and

370 (groundwater)

19,0 (sufface)
and

0,07 (groundwater)

Evapotranspira- L
Do 2390 0,67 5100 0.9k

Stepage (Ipad) © (5 530) (1,54) 6 230) (1,1b)

S{orage change 580 0,16 2100 0,3B

(45)

Al] the values in this table were consistently normalized by thetotal area of grid cells covering the whole irrig
(127 km?2)

a | The values of this row were calculated with the amgunt of diverted water from rivers.

b | The values of this row were estimated with the Supplied water for irrigation directly used for rice, so tha
in¢luded in those of diverted water (Qdivert)-

¢ | The values of seepage (Ipad) were included jin those of the return flow into rivers (Qout) plus storage change

ation areas

[ they were

(45).

Thie yield of rough rice in the region is 5,39 t/ha. Although the apparent withdrawal of
irriigation is 9 570 m3/ha (1 780.1/kg rough rice), the water evaporated is 5 100 m3/ha (946 1
rice), or the water evaporatéd and that seeps is 11 330 m3/ha (2 110 I/kg rough rice).

Thie baseline (chosen in this example being the natural system) implies a non-irrigation sy
rainfed paddies. The.production of rough rice is 3,59 t/ha in the area, assuming rainfed pi
Mqansoon Asia. As-the withdrawal of water for irrigation is zero, the water evaporated is 2 3
(668 1/kg rouglrxiee), or the sum of the water that evaporates and that seeps is 7 920 m3/ha (
roligh rice).

Thie difference between the baseline and the irrigated system gives the following results for y
Due partly to the difference of yields between irrigated and baseline systems, the total wat]
evapotranspiration and seepage (water consumption for rice) for an irrigation system decr

water for
kg rough

ttem with
actices in
90 m3/ha
| 480 1/kg

vater use:
er of both
eases just

by 100 1/kg rough rice to the baseline. This number indicates that irrigation in this example is quite an

efficient water use activity.

The groundwater recharging of rice paddies in this particular example is 1 160 1/kg at basin level.

The major factor contributing to the water inventory, in this example, is irrigation water use.

This example shows the value of modelling at the basin scale rather than that at the field scale as the
amount of water consumed by a crop is not necessarily the amount of water diverted for irrigation. This

is where the consideration of a baseline in the modelling is important.

© ISO 2016 - All rights reserved
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6.3 Example C - Water scarcity footprint of municipal water management

6.3.1 Goal and scope

This example illustrates how the water scarcity footprint of a system varies depending upon location,
its application and use in options comparison.

A water utility is investigating the water scarcity footprints of three options (A, B and C) for the
supply of 100 m3 of water to a user in the industrial sector (therefore the functional unit is 100 m3).
The boundaries of the system are illustrated in Figure 5 showing where water is extracted from the
environmpgnt, and returned to the environment.

The three|options for supply of water are:

— A: Fr¢shwater from Reservoir X in a region with high water scarcity + waste water.dis¢harged in
the sda;

— B: Frdshwater from Reservoir X + freshwater from Reservoir Y in a region withrelatively low wafer
scarclty;

— C: Frdshwater from Reservoir X + recycling of treated waste water backo Reservoir X.

The elempntary water flows are the freshwater inflows to the resetvoir(s) (runoff and rainfall),
evaporatipn losses and treated waste water discharged to the sea~For simplicity, other flows such
as losses|at the water treatment plant and in the distribution/nétwork are not considered. The
water foofprint inventory associated with background processes used in each of the three scenafio
is neglectpd, as it is the same in each case (assuming that reservoir X and Y are of the same size and
structuref and distance to the user),

Runoff Rainfall Evaporation.@Runoff Rainfall Evaporation

Reservoir X Reservoir Y
(high water s€artity) (low water scarcity)

Pumping Water treatment plant i

back
Evaporation +— J’

tathe USER

— Evaporation

fagervoir l

E L | Waste water treatment plant

Figure 5 — Option for the supply of water to user

6.3.2 Inventory

The inventory is shown in Table 4. Losses incurred during pumping back to the reservoir are estimated
at 9 %. A life cycle inventory using background databases shows that treating used water to the level
that can be returned to user, including the associated infrastructure and energy, consumes 1 m3 per
10 m3 reused water.
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Table 4 — Inventory of the different options (in m3 per functional unit)

Line Region Option A 2 Option B2 Option Ca
no. X X Y X y/
1 Sum of 1."unoff and rainfall inputs to the 111 71 40 71 .
reservoir
Pumping back to the reservoir X (after
2 . — — — 40 —
losses from pumping back)
3 |Evaporation from reservoir 11 7 4 11 —
4 [Water INputto wWater treatment piant 100 54 36 100 —
5 Water delivered to user 100 64 36 100 —
6 Water evaporated by user 30 19,2 10,8 30 —
7 Used water to waste water treatment plant 70 44.8 25,2 70 —
8 Treated waste water discharged to the sea 70 44.8 25,2 26 —
9 |Losses during pumping back to reservoir X — — — 4 —
Water consumed associated with the
infrastructure used to allow the reuse
10 |(treating treated used water to the level — — — — 4
that can be returned to user as well as the
associated infrastructure and energy)
a | This table uses fictive values which are not intended to be reproducéd.

6.3.3 Impact assessment

The water scarcity footprint is calculated as the water consumed multiplied by the charadterization

fadtor for scarcity (being here, for example, thesmethod of WULCA (Boulay et al. 2016)[3])) for each
region where water consumption occurs (indicated in Figure 5).
Thie location Z where the water is consumed is unknown and is therefore assumed to be at the global

brage characterization factor for.water scarcity (value of 20 for non-agricultural use type). The
ults of the impact assessment are shown in Table 5.

av
reg

Table 5 — Water scarcity footprint results (per functional unit)

Region Option A Option B Option C
X X Y X Z
Whter consumption‘fm3) 111 71 40 71 4
CHaracterizatioffactor for the local water 80 80 4 80 20
scprcity
Whter scargity footprint (m3 Hy0-eq) 8880 5680 160 5680 80
Whtepiscarcity footprint (m3 Hp0-eq) 8880 5840 576

6.3.4

Interpretation

In this example, option C has the lowest water scarcity footprint, followed closely by option B. However,
the differences between the water footprint results of alternative products, processes or organizations
may not always be significant. In fact, in this example, when considering uncertainties associated with
inventory values and especially the characterization factors for local water scarcity, it is fair to assume
that options B and C have a similar water scarcity footprint but are both lower than option A.

NOTE It does not make a difference whether the water is evaporated by the user or discharged into the sea
as in both cases it is not returned to the environment as freshwater. The impacts related to water scarcity occur
at the place of water withdrawn and not where the water is evaporated or released into the sea.

© IS0 2016 - All rights reserved 13


https://standardsiso.com/api/?name=93db0e5a0ca136d566597699cf0a8bc2

ISO/TR 14073:2016(E)

6.4 Example D - Water scarcity footprint of rice cultivation (cradle-to-gate)

6.4.1 Goal and scope

This illustrative example describes the calculation of a water scarcity footprint, from cradle to farm
gate of rice cultivated in a high water stress location, according to the method of Ridoutt and Pfister
(2010)[6], using local characterization factors from Pfister et al. (2009)[Z].

6.4.2 Inventory

In this expmple, the unit process “rice cultivation” involves elementary flows of rainfall (0,63 Mt/ha)
and surfafe water used for irrigation (9,9 Ml/ha) during the cropping period (Figure 6). Other floys,
determing¢d by APSIM (Keating et al. 2003[26]) modelling, are evaporation from pondéd-wafer
(3,2 Ml/hj), transpiration (6,4 Ml/ha) and drainage to saline coastal groundwater (0,93 Mi/ha). At the
larger spdtial scale, encompassing many individual rice fields, sideward flows between(individual rjice
fields are fdisregarded. APSIM modelling is also used to determine that no deep drainage*occurs undqr a
scenario Without rice cultivation and irrigation.

Pond
Precipitation Irrigation evaporation Transpiration
0,63 Mi/ha 9,9 Mi/ha 3,2 Mifha 6,4 Mi/ha

-——— - -—— -

R R

Drainage
0,93 Mi/ha

Figure 6 — Elementary flows of water in the rice cultivation example

Rice cultivation also use$-a“variety of material inputs (e.g. fuels, fertilizers and other agricultujral
chemicalsd]). The water eonsumed to manufacture the material inputs used to cultivate 1 ha of rice figld
is estimatpd as 0,012:Ml based on best available data from a data provider. The location of water use for
the produftion of these material inputs is unknown.

The prodyctignof rough rice is 8,7 t/ha at farm gate.

6.4.3 Impact assessment

The input of freshwater for irrigation is 9,9 Ml/ha (1 134 1/kg rough rice) at a location of high water
scarcity (WSI of 1,00).

The rice cultivation system results in an increase of drainage (0,93 Ml/ha). However, this drainage is to
saline coastal groundwater and is therefore no longer useable as freshwater.

The freshwater consumed in the manufacture of material inputs (0,012 Ml/ha or 1,4 1/kg rough rice)
occurs at an unknown location. Therefore, the national average WSI (in this case 0,72) is applied.

To calculate the water scarcity footprint according to Ridoutt and Pfister (2010)[€], each instance of
water consumed is multiplied by the relevant local WSI and divided by the global average WSI. These
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results are then summed across the product life cycle (from cradle to farm gate in this case; Table 6)
and expressed in Hp0-eq.

Table 6 — Water scarcity footprint calculation

WSF consider-
Water consumed WSF, consider- ing normaliza-
Local WSI L Global WSI .
(1/kg) ing local WSI tion t‘)A}]'SgIlobal
Irrigation 1134 1,00 1134 0,60 1884
Material inputs 1,4 0,72 1 0,60 1,6
Total — — 1135 — 1885,6

Thie water scarcity footprint of rice in this particular example is 1 885 1 H»0-eq,per kg at

Wi
eq

Th
of
on

NO

6.5

lo¢

6.5

1ivalent to 1 885 | of direct water consumption at the global average WSI.

a scale from 0,01 to 1,00).

TE This example is not representative of rice production generally.

b Example E - Water scarcity footprint of a textilé with life cycle stages in diff
cations

.1 Goal and scope

Thlis example illustrates how assessment of environmental impacts related to water

to
iny

T
fu
wi

Th
sh
wh

6.1
Th

identification of different hotspots cempared with the calculation of water quantit
rentory level.

is example describes the calculation of the water scarcity footprint of a textile product -
ctional unit (FU) - where cotton production, manufacturing and use are in three different
th different degrees of waterscarcity.

e purpose of this exampleé is to show the application of the concept of water scarcity foo
pw that different methods exist and lead to different results, something important to kee
en interpreting theresults.

.2 Inventory

e life cycle/inventory results of this example as shown in Table 7.

Table 7 — Life cycle inventory for water consumption

nat this means is that the production of 1 kg of this rice results in a burden onyfreshwatg

e major factor contributing to the water scarcity footprint is irrigation®The water scarcity
this rice is considered high because the irrigation occurs in a high water stress location (W

farm gate.
r systems

footprint
/SI of 1,00

prent

can lead
es at the

being the
locations

print and
p in mind

Life cycle stage Amount of water consumed per Region where this water is
functional unit consumed
(L/FU)
Production 500 A
Manufacturing 100 B
Use (e.g. washmg, erl_ng over the prod- 1000 C
uct’s lifetime)

© ISO 2016 - All rights reserved
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6.5.3 Impact assessment

To calculate the water scarcity footprint, each instance of water consumed is multiplied by the relevant
characterization factor for water scarcity, being the water scarcity index of the region where the water
is consumed. These results are then summed across the product life cycle and expressed in the units
specific to the characterization method used (Table 8).

Table 8 — Water scarcity footprint calculation

Water con- Characterization factor considered (at the

. sumed . respective location A, B, and C) for the impact |  ©_ = 2o = =Y S0 b e oo e e T
Life cycle stjge Location . N pact assessment method (expressed if urfit
assessment method for water scarcity footprint

(1/FU) by: per functional unit)

Impact assegs-
ment methogl 2

m3-eq | 3.eq| UBP |m3.eq| m3-eq| m3-eq| m3-eq|m3-eq|m3-eq| UBPAYB-eq| m3-eq| m3-eq| mI-eq

Expressed iy b - - Jm3 | /M3 | s | /m3 | 3| m3 | ms| Eu | Ru | Nl /RU | RU| R | b

Productio 500 A 100 | 1,00 | 8,00 | 1,00 | 1,00 | 4,00 | 1,00 05000 5004 000 | 500 | 500 |2000]| 500
Manufacturihg 100 B 1 | 060|004 017|070 | 1,00 050 |6 | 60 | 4 | 17 | 70 | 100 | do
Use 1000 C 20 | 0,80 | 4,00 | 0,50 | 0,50 | 2,00 | B0 02000 800 | 4000 | 500 | 500 |2000| 70
Water scarcity — — — | = = = | = K& — | 7% 1360|8004 |1017|1070 4100|1450
footprint 100

a Impact dssessment method used.

— M1: Bouldy etal. (2016) (WULCA)[5]

— M2: Pfistqr et al. (2009)[Z]

— M3: Frischknecht et al. (2008)(8]

— M4: EU (2013) (PEF/OEF)(]

— MS5: Bouldy etal. (2011a)[10]

— Mé6: Hoekptra etal. (2012) (Water FootprintNetwork - WFN)[11]
— M7: Bergdr etal. (2014)[12]

b Though |[different impact assessment methods may use “m3-eq” as a unit (short for “m3 H20-eq"), those “m3-eq” may not refer to the sgme
equivalence.

6.5.4 Interpretation

For example, considering the approach of WULCA (Boulay et al. 2016)[3], the water scarcity footprint is
70 100 1 Hz0-eq per functional unit

Some methods suggest expressing the results in relation to, for example, the global average water
scarcity (used as a reference), while some methods (i.e. WULCA) include such reference flow inside the
characterization factor, eliminating therefore the step of division by the global average water scarcity.

In this example, one observes that the use stage is the life cycle stage with the highest water consumption.
However, the impact assessment shows that cotton production and consumption can have a comparable
water scarcity footprint, or, in some case, even different rankings. Hence the choice of method and the
range of its values (e.g. “0,01 to 1” as opposed to “0,1 to 100”) can influence the resulting life cycle
stages contribution. Careful interpretation of the results and meaning of the indicator according to the
method chosen is therefore very important.
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This example also shows that it is important to consider the impact assessment step as the relative
contribution of two life cycle stages can be reversed at the impact level as compared to the inventory level.

6.6 Example F - Water scarcity footprint of reservoir operation, reflecting seasonality

6.6.1 Goal and scope
This example illustrates the role of seasonality in assessing water scarcity.

The goal of the study is to determine the direct water scarcity footprint of a reservoir, taking into
ac¢ount seasonality of flows and of water scarcity.

Thie function of the reservoir is to supply water in controlled quantities for generation'of hyflropower,
irrfigation and municipal water supply. This includes retaining water from the wet season (Ngvember -
Mdrch) to be used in the dry season (April - October).

Thie reporting unit is one year of activity of the reservoir.

6.6.2 Inventory

Thie reservoir covers a surface area of 20 km2, in a semi-arid region: Average annual evaporation and
anhual transpiration from local vegetation prior to the construction of the dam is equal [to annual
average precipitation (500 mm/a, i.e. 10 Mm3 for 20 km2). However, following construction of the dam,
evaporation from the reservoir surface increases to 1 5000nm/a, i.e. 30 Mm3 for 20 km2. This means
that the total additional annual water loss related to the gonstruction of the dam is 20 Mm3/4.

Thie reservoir has a constant outflow rate throughoutithe year. The water inflow, before and after the
construction of the dam is identical. The local annual characterization factor for water scarcity is 0,38.

Taple 9 shows the annual variation in the watet’balance of the 20 km?2 area before (baseline) and after
(wjith reservoir).

Table 9 — Annual variation in the water balance of a reservoir (in Mm3/a)

Baseline With reservoir Redyction in
outflow
Inflow (from the catchment@red) 630,7 630,7 —
Prjecipitation (over the area covered by the reservoir) 10,0 10,0 —
Evlaporation (over the‘aréa covered by the reservoir) 10,0 30,0 —
Oytflow (downstream of the reservoir location) 630,7 610,7 20,0

Thie seasonality is reflected by determining the water inputs and the water outputs on a morthly basis
(Table 10)."The monthly water balance of the dam is calculated as the difference between walter inflow
to the reservoir and the water outflow from the reservoir.

Thle water volume in the reservair is reduced from the maximum value of 312 Mm3 at the end of the
rainy season to a minimum value of 117 Mm3 at the end of the dry season.

6.6.3 Impactassessment

When the seasonality and the positive effect of the reservoir on water scarcity are taken into account,
then the fact that water is retained in the reservoir during the wet season and released for irrigation
and municipal water supply during the dry season needs to be considered, taking into account the data
as presented in Table 10. For this purpose, the characterization factors assessing water scarcity and the
water scarcity footprint are determined on a monthly basis, by multiplying the monthly water balances
by the monthly characterization factors according to Pfister and Bayer (2014).[13] The annual water
scarcity footprint is the sum of the monthly values.
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Table 10 — Inventory and impact assessment

Water |Evapo- |Precip-| Water Water volume Monthly |Monthly charac- s‘c/\;?'tcei!tr
Re- inflow | ration | itation | outflow | °; . water bal- |terization factor P Y
porting Mm3/ | Mm3/ | Mm3/ | Mm3y in reservoir ance CFScLn ) ootprint
month m m m m 3 ¢Ln 3 B
month | month | month | month Mm+/month Mm3/month CFSc,Glo Mm? H0
eq/month
January | 100,0 0,2 1,0 50,9 249,9 49,1 0,05 2,5
February | 100,0 0,2 2,0 50,9 300,8 49,1 0,05 2,5
March 66 85 23 509 3418 9+ 8,2 18
April 40,0 1,5 2,0 509 301,4 -10,9 0,3 -33
May 45,7 3,0 1,3 50,9 294,5 -5,2 0,4 2,1
June 10,0 6,0 0,3 50,9 248,0 -40,9 0,7 -28,6
July 10,0 7,0 0,1 50,9 200,2 -40,9 0,9 -36,8
August 10,0 6,0 0,1 509 153,4 -40,9 0,9 -36,8
Septem- || 20,0 4,0 0,1 50,9 118,5 -30,9 0% -21,6
ber
October 50,0 1,0 0,1 50,9 116,7 -0,9 0,2 -0,2
November]| 85,0 0,3 0,2 50,9 150,7 34,1 0,1 3,4
December|| 100,0 0,3 0,5 50,9 200,0 49,1 0,05 2,5
Total — — — — — 20,0 — -117
6.6.4 Interpretation
In Table 1), a monthly water scarcity footprint is calculated which results in positive figures in the wet

season where more water is collected in the reserveir than released, and negative figures in the dry
season where more water is released than collected.

Because df the different water scarcity indexes; the sum of the monthly water scarcity footprints is a
negative figure, i.e. -117 Mm3 H20-eq/a.

This example shows the importance of seasonality. Without consideration of seasonality, the wafer
scarcity fpotprint would have beefi“simply the increased amount of water evaporated (20 Mm3(a),
multiplied by the local annual aviepage characterization factor (being 0,63 in this example), resulting
in a watey scarcity footprint af 13 Mm3 H,0-eq/a. This would imply that the reservoir has increaged
downstrepm water scarcity. However, by considering the seasonality, the water scarcity is negative (-
117 Mm3 H;0-eq/a), illustrating that the positive effect of increased water available for irrigation and
municipal water supplyin the dry season is higher than the negative effect due to evaporation and
reduced flow duringiwet season. In this example, by retaining water in the wet season, the reservpir
has reducpd downstream water scarcity.

A reservojir typically has other environmental impacts than increasing or decreasing water scardity
(such as global warming emissions from organic matter degradation when the reservoir is creatpd,
degradation of fisheries, sedimentation and erosion arising from the construction of reservoirs and
changes in the hydrological regime, impacts on biodiversity and degradation of the water quality). In
order to address such additional impacts, a comprehensive set of impact categories in addition to water
scarcity, needs to be worked out.

6.7 Example G - Water scarcity footprint and water availability footprint of packaging
production

6.7.1 Goal and scope

This example illustrates calculation of a water availability footprint as distinct from a water scarcity
footprint (see ISO 14046:2014, 5.4.5).
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The production of a packaging material is used as a case study.

The example only accounts for direct water use and emissions at the factory and not for indirect water
use and emissions associated with input materials or energy or treatment of waste exported from the
factory.

6.7.2 Inventory

The water input, water output and emissions to water for 1 t of a specific packaging material in an area
X is shown in Table 11. The chemical composition of the incoming water is unknown, but in this region,
avgitabte water fsassumedto be suitable for standard potable watersuppty:

Table 11 — Collected inventory data for 1 t of a specific packaging material productign (only
site specific inventory, not showing the supply chain)

Concentration in
Input or output output water

mg/1
SU|rface water input 38)m3 4
Sulrface water output 37 m3 4
BOD (5 days) 3,4 kg 9B

coD 12 kg 329
Qpiality parameters of out- | TOC 1,9 kg S
put water Nitrogen (in compounds) 0,2kg 5)5

Phosphorus (in compounds) 0,038 kg 1,04
Suspended solids, unspecified 2,3 kg 6B

6.7.3 Impact assessment

Two different types of water footprint;results are calculated in order to illustrate the application of
various aspects of the standard.

a) | Water scarcity footprint:«<The purpose of a water scarcity footprint is to assess the coptribution
of the product, process. or organization to water scarcity. Water scarcity considers only water
quantity and not how degradation affects its availability to users (see ISO 14046).

b) | Water availability_footprint: This result represents impacts from lower water availability due to
water consumption and degradation.

6.7.3.1 Water scarcity footprint

Fof thistassessment, the method provided in Boulay et al. (2011a)[10] is used in the simplifi¢d version
provided online (http://www.ciraig.org/fr/wateruseimpacts.php). This method provides scarcity

indicators mamed water stress index a in this reference) bhased on consumption-ta-availahility ratio.

They cover the entire globe and can be obtained using satellite imagery, for both surface and ground
resources. When the input resource is unknown, the “unspecified” data can be used as it is a weighted
average of surface and groundwater indicators based on the withdrawal fraction of each resource. The
parameters can be used to calculate the scarcity footprint with Formula (1):

F,

ws = Vin X%wsin — Vour X Ywsout (D

where
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Fws is the water scarcity footprint;
Vin is the volume of water which enters the system;
aws,in is the water scarcity index at the location where the water enters the system;
Vout is the volume of water which leaves the system;
aws,out 1S the water scarcity index at the location where the water leaves the system.
In this ex3 mp]p, 38 m3 of wateriswithdrawn from a river (cnrf::r‘p v\mfpr) andthe 37 m3is dicrhnrgp to
the same river. The water scarcity index for surface water in region X is 0,45 m3 H20-eq/m3 consumpgd.
Since 1 mp of water is consumed, and there is no change of water source, the water scarcity footprjint
(only associated with the site water use and emissions) to produce 1 t of that specific packagingmaterial
is 1 m3 copsumed x 0,45 m3 H20-eq/m3 consumed = 0,45 m3 H20-eq.
6.7.3.2 [Water availability footprint
The watef availability footprint allows an evaluation of how other water user's would potentially|be
deprived from these resources if they are consumed or degraded to a point beyond functionality.
Similar td the indicator results of other impact categories, the water availability footprint of a unit
process is|calculated with Formula (2):

Fya Z,- (Vi X O‘av,i) (2)
where
Fwa is the water availability footprint;
% is the volume of the water input (positive) or water output (negative);
Qav,i is the characterization factor foreach V;, which can be obtained for each water category|(i)

from http://www.ciraig.org/fr/wateruseimpacts.php.
The chargcterization factor a,y; isca\quality-adjusted index, which is based on the ratio between net
water confsumption and water avdilability (Boulay et al. 2011al10]). It is specific for each water categgry
(Boulay et al. 2011b[32]), rangesfrom 0 to 1, and is regionalized by drainage basin or country
For the water availability_feotprint, the quality of water inputs and water outputs is considered
by defining water categoties. For each water category, the local water stress is based on the wafer
availabilify and the water consumption within the relevant region. This approach is based on the
definition|of the water categories presented in (Boulay et al. 2011b[2Z]) and shown in Table 12.
Table 12 — Qualitative definition of water categories
Excellent Good Average |Average-toX|Average-bio Poor Very poor | Unusable
1 2a 2b 2c 2d 3 4 5
low coli- low coli- me_dlum . high coli- high coli- high coli-
. coliform, |[low coliform, . . other - unus-
forms, low | form, medi- . . . forms, low | form, medi- | form, high
! : medium | higher toxic ! : . able
toxic um toxic . toxic um toxic toxic
toxic
NOTE For quantitative values of contaminants for each category, refer to Boulay et al. (2011b)[2Z].
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For the application of this method, assessing the water category of the input and output flows is
necessary for the calculation of the water availability footprint. This can be performed based on
available data in different ways, from the less data-intensive alternative to the most.

a)

b)

Md
ch

Iti
qu
of
as
24

In
reg
wh

Thie resulting water availability footprint (only associated with the site water use and em

32

Default and qualitative assessment: based on geographical location, default input wat
category can be obtained from Boulay et al. (2011b)[2Z]. Output water quality catego
based on the qualitative assessment presented in Table 12.

er quality
ry can be

Default and generic assessment: based on geographical location, default input water quality can
be obtained from Boulay et al. (2011b)[2Z]. Output water quality category can be assessed using

rnpnrh:-rl indncfry effluent values and the water r‘afngnry calculataor availahle here: hH’p:“WWW.

ciraig.org/fr/wateruseimpacts.php.

Specific assessment: primary data can be used for input and/or output water gualit
relevant category assessed using the water category calculator.

the present example the elementary flows are described by
the volume of the water input and water output;

the type (groundwater or surface water) and geographical location-of the water body fx
the input water is withdrawn or to which the output water is released (here to surface);

the quality of the input water is not known but as per definition in Boulay et al. (2011
knowing that the local water can be made potable by a_standard treatment, the input wat
is set to 2a. Alternatively, this can be verified using the default water qualities of watef
world-wide as published in Boulay et al. (2011b)[2Z);

the output water quality is assessed using spegific effluent data (see Table 11) and using
category definition Boulay et al. (2011b)[2Z\or water category calculator available as
tooll28]. It is assessed to be of category 5, agdlescribed in Boulay et al. (2011b)[2Z], not direq
for irrigation or potable water production without additional treatment or dilution.

re detailed criteria for the distinction-of the different water categories, based on their biol
bmical composition, are describedin Boulay et al. (2011b)[2Z].

5 considered that the less furigtional a water category is, the more abundant it will be, since]
vater categories being defined by upper thresholds of a contaminant concentration instead

nd 1, and so on.

the present example, the characterization factor aay,2a for the water category 2a in th
rion is 0,86;and for category 5 the characterization factor a,y 5 is 0 (meaning that no user i
en categony 5 is consumed).

5im3 Hy0-eq (being 0,86 x 38 m3 - 0 x 37 m3).

y and the

om which

b)[27] and
er quality
available

the water
an online
tly usable

bgical and

all higher

hlity categories will also meet the functionality requirements of this category. This is a copsequence

of ranges,

they are functionality-based. For example, water of category 3 would also include water of category

b relevant
deprived

ssions) is

When the indicator of water availability footprint, as presented in this example, is used in a
comprehensive water footprint, it should be understood that there may be double counting of impacts
on human health, as either toxicity impacts or (un)availability impacts may occur. Alternatively, the
water scarcity footprint can be used instead of the water availability footprint in a complete profile.

6.8 Example H - Water scarcity footprint differentiated by source of water

6.8.1 Goal and scope

Th

©lI

is example illustrates the assessment of different types of water resources.
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The potential impacts associated with water use can vary between different types of water resource
(e.g. surface water, groundwater). In this example, the water scarcity footprint is calculated for use of
the same quantity of water in a wheat cultivation system at two different locations (A and B) which
each use different proportions of surface and groundwater.

Water use for fertilizers, pesticides, and machines production are not included in this illustrative
example and allocation procedures are not considered.

6.8.2 Inventory
In this exgmpte; Tiver water amd water {TonT MediuNT=-SiZe TESErvoITs are COMSIaered as Surface water,
and watet in aquifers as groundwater.[34] The volumes of evapotranspiration from the supplementary
irrigation|from both surface water and groundwater applied during the cropping periods (Table 13) are
calculated for the water footprint inventory using the method of Hanasaki et al. (2010)[22].
6.8.3 Impact assessment
The characterization factors at locations A and B are determined using the method'described in Yanq et
al. (2015)|14], and are shown in Table 13.
The watef scarcity footprint (Fws) is calculated with Formula (3).

Fivs F Vsw X %scsw T Vaw X %scaw (3)
where
Vsw is the volume of evapotranspiration from surfa¢e water irrigation, in m3;
asc,sw is the local characterization factor for surface water;
Vow is the volume of evapotranspiration from groundwater irrigation, in m3;
asc,Gw is the local characterization factor-for groundwater.
Table 13 shows the results for the water scarcity footprint of 1 t wheat for two farms in the same
drainage basin but with different fraction of water source. The total quantity of water used is the same
in both calses, and the characterization factors for surface and groundwater are the same in both cades.
However, ffarm A uses more groundwater and farm B uses more surface water. As a result, the wager

scarcity fgotprint of wheat ptoduced in farm A is higher than in farm B.

Table 13 — Example- of life cycle impact assessment for wheat production for farm A and B
Water footprint Water scarci-
Water source Yield of wheat inventory of Local characteri- ty footprint of
(t/ha) wheat zation factor wheat
(m3/1) (m3 H20-eq/t
Surface water — 10 3,0 30
Farm A Groundwater — 140 3,8 530
Total 7,12 — — 560
Surface water — 140 3,0 420
Farm B Groundwater — 10 3,8 40
Total 7,12 — — 460
6.8.4 Interpretation

In this example, the characterization factor for surface water is smaller than that for groundwater,
meaning that there is more surface water available as compared to groundwater. Because of the small
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difference between the two characterization factors, the water scarcity footprint is more influenced by
the relative quantities of surface and groundwater used in wheat production.

NO

TE H70-eq in this example reflects the availability of each water source in a location which is normalized
against 1 000 mm/a.

6.9 Example I - Variation of water scarcity by forest management and land use

6.9.1 Goal and scope

Thlis example illustrates how different types of land use affect the characterization factors

SC{

Thi
in

To

sane drainage basin.

6.9

Thie water footprint inventory is shown in Table 14 and-is{the quantity of water cons

hu
ass

groundwater.

rcity footprints.

e functional unit is 1 I beer, and barley/hop cultivation and subsequent beer production t

simplify, it is assumed that production of the ingredients and the beer/production occur ¥

).2 Inventory

man activities, i.e. production of ingredients, brewing afidvbottling, and waste disposall3]
umed that the irrigation uses only surface water and-that brewing and bottling processe

Table 14 — Water footprint inventory of 1 1 of beer production

for water

hkes place

Lhree different locations: a forested drainage basin without thinning, a forested drainage basin with
thinning, and an urban drainage basin.

wvithin the

umed for
O][31], It is
5 use only

Water footprint inventory
Water source (litres of water per litre of beer)
Ingredients Brewing and bottling Waste disposal

Surface water 17,9 0 0

Groundwater 0 4,3 0
6.9.3 Impact assessment
Thie water footprint.impact assessment is conducted using a drainage basin based approach.
In this example) the method of Yano et al. (2015)[14] is used to calculate the characterizatipn factors

for
in

res
log

each watérresource type in each location, and reflect the hydrological conditions (base
Ando etal) (1984)[32] and Kubota et al. (2013)[33]). The characterization factors for differ
ource,types consider water availability reflecting different forest management and land u
ation.

d on data
ent water
se in each

The water scarcity footprint is calculated from the water footprint inventories in Table 14 and the local
characterization factors, by summing up the characterized results for each of the water resource types,
as shown in Table 15.
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Table 15 — Results of the water scarcity footprint of beer production in each land surface
condition

Local characteri-
zation factor

Water scarcity footprint of beer

Dli)a;:iz:lge Water source S (1H20-eq /1)
(m2/m?) . Brewing and | Waste dis-
Ingredients : Total
bottling posal

Forested Surface water 1,7 30,4 0 0
drainage

basin without | Grounduwater 20 0 86 0 39,0
thinnirlg
Forestdd Surface water 1,5 26,9 0 0
drainage 346
basinw]th | Groundwater 1,8 0 7,7 0 '
thinnirlg

Urban drhin- | Surface water 1,4 25,1 0 504
age basjn Groundwater 5,9 0 25,4 ’

6.9.4 Interpretation

The resulfs show that, even though the water footprint inventory data are identical, the water scarg
are different because the characterization factors are\influenced by the hydrologi
condition$ that depend on the types of land use management. Indéed, the type of land use managem
components such as surface water runoff and groundwater recharge rates.

footprintg

influences

NOTE

against 1 000 mm/a.

6.10 Example ] - Water eutrophication footprint of maize cultivation, calculated as one

or two indicator results

6.10.1 Gpal and scope

This exa

impact indlicator result or several impact indicator results.

The exa
region X.

6.10.2 Inventory

Table 16 jummarizes elementary flows contributing to water eutrophication assessed through a
cycle inveptoryiahalysis using both collected data and data gathered using background databases.

H70-eq in this example reflects the availability of each‘@ater source in a location which is normali3

ple illustrates that an areawof-concern (e.g. water eutrophication) can be represented as ¢

le chosen is the assessment of the water eutrophication footprint of maize production i

ity
cal
ent

red

ne

ife
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Table 16 — Elementary flows contributing to water eutrophication

Substance Compartment of Amount emitted, in kg per t of maize 2
emission Upstream (e.g. from| Direct emissions Total
input materials) | (e.g. during cultiva-
tion)
Ammonia Air 0,084 1,096 1,180
Nitrogen oxides Air 0,718 0,298 1,016
COD Water 0,610 0,000 0,610
Nitrate Water 3,107 23,909 27,016
Phosphorus Water 0,002 0,105 0,107
a | This table uses fictive values which are not intended to be reproduced.

6.10.3 Impact assessment
Two methods are selected to assess water eutrophication:

—| the PEF/OEF method of the EU (2013)[2], which assesses impacts ffom eutrophication for P-limited
and N-limited drainage basins separately, is used as a first method;

—| asensitivity analysis is performed with method IMPACT 2002+ (Jolliet et al. 2003)[13] that assesses
impacts from water eutrophication considering both P-based and N-based substances in a single
impact category.

The characterization factors for calculating water eutrephication potential from those twag methods
ar¢ presented in Table 17.

Table 17 — Characterization factors for water eutrophication for the two impact assgssment
methods chosen

Substance (and Water eutrophication potential
conéll’:i?;;:;r;t of Impact assessment method Impact assessment method
PEF/OEF (EU 2013[9]) IMPACT 2002+ (Jolliet et al.
2003I[15])
P-limiited drainage N-limited drainage basins Undefined drainagg basins
basins (expressed in kg | (expressedin kg N-eq per | (expressed in kg PO43--eq per
P-eq per kg of maize) kg of maize) kg of maize]
Ammonia, to air 0 0,092 0,175
NJtrogen oxides;to-air 0 Not provided 0,065
(characterization factor of
Nitrogen dioxides, to air, of
0,389 is used as a proxy)
€0D, to water Not provided Not provided 0,022
Nitrate, to water 0 0,226 0,05
Phosphorus, to water 1 0 1,53

Table 18 presents the calculation of the water eutrophication footprint. It is simply the amount of
substance emitted into the environment multiplied by its respective characterization factor.
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Table 18 — Calculation of the water eutrophication footprint for both impact assessment methods

Substance (and Amount emit- Water eutrophication potential
compa_rtr_nent of ted Impact assessment method Impact assessment
emission) K tof method
(kgperto PEF/OEF (EU 2013[9])
maize) IMPACT 2002+ (Jolliet
etal. 2003[15])
P-limited drainage | N-limited drainage Undefined drainage
basins (expressed basins (expressed | basins (expressed in kg
in kg P-eq per kg of | in kg N-eqg per kg of |P043--eq per kg of maize)
maize) maize)
Ammonia, to air 1,180 0 0,109 0,207
Nitrogen ¢xides, to air 1,016 0 0,395 0,066
COD, to water 0,610 n/a n/a 0,013
Nitrate} to water 27,016 0 6,106 1,351
Phosphorus, to water 0,107 0,107 0 0,164
Thtal — 0,107 6,609 1,800

As the final result, the water eutrophication footprint, expressed in kg.of a reference substance
equivalenf (a typical midpoint unit), caused by the production of 1 t of maize is assessed to be:

— 0,107| kg P-eq and 6,609 kg N-eq for P-limited drainage basins and N-limited drainage basjns
respefctively, by the impact assessment method PEF/OEF;

— 1,800|kg PO43--eq by the impact assessment method IMPACT 2002+.

6.10.3.1 [Interpretation

This exanjple shows that emissions emitted to compartments other than water (in this case to air) dan
also contrjibute to water degradation footprint.

This exanjple also shows that different impactassessment methods assess an impact differently: in this
case the HEF/OEF method assesses water eutrophication footprint as a profile of two impact indicagor
results Wr]:ereas the IMPACT 2002+ method assesses water eutrophication as a single indicator resulf.

This example also shows that different impact assessment methods can have a different coverage of
substancds. For example, in this example the PEF/OEF impact assessment method does not provide
characterjzation factors for-COD. This can be either due to the fact that this impact assessment method
explicitly considered COD/as hot being a cause of water eutrophication or because the characterizatjon
factor is [simply missing/ This shows the importance to understand if some substances are not
characterjzed by a miethod and if so why. If a characterization factor is missing, it may be wise to either
add this missing characterization factor, change impact assessment method or at least reflect it in the
interpretgtion and limitations of the study.

NOTE1 [A-characterization factor of 0 is not the same as a missing characterization factor: a characterizatjon
factor of 0 Ts an explicit statement that this substance is not considered to contribute to this impact category,
whereas a missing characterization factor does not give any information on why this substance is not
characterized in that specific impact assessment method.

This example also shows that different units can be used to express the results of the same impact. In
this example, three different units - “kg P-eq”, “kg N-eq” and “kg PO43--eq” - are used to express water
eutrophication potential.

NOTE 2  The approach using the P-limited and N-limited impact categories for water eutrophication is based

on the assumption that the impacts are linked to only the dominant pollutant: however, in that case both impact
categories are presented together to provide a complete picture of the water eutrophication issue.
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6.11 Example K - Comprehensive water footprint profile of packaging production

6.11.1 Goal and scope

This example illustrates the reporting of a comprehensive water footprint at midpoint and endpoint
levels. It provides an example of different impact categories that can be found in a comprehensive
profile.

According to ISO 14046, this option can be referred to as a “water footprint”.
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With a comprehensive assessment expressed as‘a water footprint profile, using existing n
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.11.2 Inventory

e water footprint inventory comprises both the foreground and background water
entories. The foreground water footprint inventory is based on primary data collect
duction site for direct water withdrawal and release, direct emissiong t¢ air, soil and wat

material input) per t of packaging material produced. The background water footprint
. the water footprint inventory associated with electricity, energy and material purchag
tory as well as for the treatment of waste exported from the fac¢tory) is calculated using an
fabase where the inventory data have been determined and-processed according to ISO 14

1.3 Impact assessment

ter-related impacts can be captured. This.€an be done by one of the following:

using current databases.

" the purpose of this exdmple, the data set obtained in the water footprint inventory 3
hracterized for each impact category and the respective characterization models pre
le 19.

water footprint.
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7 a specific

footprint
ed at the
er as well

direct activity data of the site (e.g. amount of electricity consumed, amount of fuel consumeld, amount

inventory
ed by the
inventory
46.

e water footprint inventory data are derived from an inventory database (Ecoinvent 2015[B4]).

hodels, all

manually, by calculating each of the indicator results below (or by justifying the ones to I¢ave out);

using LCA tools, which integrate,available methods, and can be used within available soffware and

nalysis is
sented in

e resulting indicators are shown in Table 19 or in Table 20. All three presentations can be referred to
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Table 19 — Water footprint profile expressed at the level of impact categories, expressed at the
level of midpoint and endpoint respectively (for 1 t of a specific packaging material)

Type of Impact cate- Assessment at midpoint Assessment at endpoint
Impact gory Impact | Units Method Impact Units Method
indi- indicator
cator results
results
Water deg- Freshwater 14 300 CTUe USEtox 7,8 PDF.m2.a Using 5,48x10-4
radation ecotoxicity (Rosenbaum PDF.m2.a / CTU,
footprin Ttat 2008t
Water deg- | Marine ecotox- | 2,11x106 | kg 1,4- | CML baseline | 5,17x106 | PDF.m2.a Using freshwa-
radation icity DB-eq | v3.02 (Guinée ter ecotoxicity of
footprin{ etal. 2001[18]) 1,4-DB-of IMPAC[C

—

2002%\(Jolliet et 4
20035]) as a proky
(2545 PDF.m2.a / kg

1,4-DB) a
Water deg-| Freshwater 12 mol PEF/OEF (EU 0,08 PDF.m2)a Using 6,73x10-3
radation acidification H*-eq 2013[9]) PDF.m2.a/mol H*[e
footprint
Water deg- | Marine acidifi- 1700 kg COy Only CO2 284 PDF.m2.a IMPACT World+
radation cation emissions are (Bulle et al.
footprint considered in 2016l16])
this impact
category
Water deg- | Freshwatereu- | 0,876 | kgP-eq | PEF/OEF (EY 14,6 PDF.m2.a IMPACT World+
radation trophication 2013[9]) (Bulle et al.
footprint 2016[16])
Water deg- Marine eu- 1,98 kg N-eq | PEF/OEF (EU 3,01 PDF.m2.a IMPACT World+
radation trophication 2013[9]) (Bulle et al.
footprint 2016[16])
Water deg- | lonizingradi- | 0,001 1 CTUe USEtox 6x10-7 | PDF.mZ2.a Using 5,48x10-1
radation| | ation (impact (Rosenbaum PDF.m2.a/CTUy|
footpriny | on freshwater etal. 2008[17])
ecosystem)
Water deg- | Ionizing radia- n/a CTU, n/a n/a PDF.m2.a n/a

radation| | tion (impact on
footprin{ | marine water

ecosystem)

Water deg- 0,001 98 PDF. Verones etal. | 0,001 98 | PDF.m2.a Verones et al.
radation m2.a 2011[19] 2011[19] as implg-
footpring | Thermally pol- mented in IMPAQT

luted water World+

Water deg- 9,49x10-5 USEtox 0,001 2 DALY USEtox, converted
radation (Rosen- to DALY consider-
footprint baum et al. ing 13 DALY/case,

Human toxicity 2008I17]), as (Humbert et al.
carcinogens CTUp, |modified inl16] 2015[33])

Water deg- 0,000 89 USEtox 0,001 2 DALY USEtox, converted
radation (Rosen- to DALY considering
footprint baum et al. 1.3 DALY/casey-¢

Human toxicity 2008[17]), as (Humbert et al.
Non-carcinogens CTUp,p-c | modified in[16] 2015I35])

a  To be taken with care
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Table 19 (continued)
Type of Impact cate- Assessment at midpoint Assessment at endpoint
Impact gory Impact | Units Method Impact Units Method
indi- indicator
cator results
results
Water deg- | lonizing radia- 588 PEF/OEF (EU |1,23x10-5 DALY IMPACT World+
radation | tion (impact on kBq 2013[9]) (Bulle et al.
footprint | human health) U235-eq 2016l16])
Water Impacts associ- 10 m>3 H0- WULCA 4,6x10-3 DALY Boula} et al.
gcarcity | ated with water eq (Boulay et al. 2011al40)|as imple-
fpotprint | consumption 2016l[5]1) mented iph IMPACT
World+
0,001 PDF.m2.a Hannafiah et al.
2011[20] ps imple-
mented in IMPACT
World+
a | To be taken with care

X

Expressing the results in endpoint units indicates which impact category is contributing mpre to the
impact on each area of protection.

If Heemed necessary, the water footprint profile can besexpressed grouping all impact ¢ategories
contributing to impact on the area of protection human health and those contributing to impjact on the
ar¢a of protection ecosystem (as shown in Table 20).

Table 20 — Water footprint profile expressed at the level of area of protection (and|using
endpoint units)

ti

—

dn footprint

Mariné water ecotox-
icity is considered )

Type of impact | Area of pro- | Impact indicator Units Method
tection results
Whter degrada-|Ecosystems 310 (up-to 5x106 if[PDF.m2.a  |Sum of Freshwater ecotoxicity, Freshwater

acidification, Marine acidification, freshwater
n, Ionizing

eutrophication, Marine eutrophicati

radiation (impact on freshwater ecpsystems),
Thermally polluted water, as welllas Marine
water ecotoxicity if considered robuyst. Marine
water impact from ionizing radiatioI is missing
from the list due to lack of data.

Whter degrada- |Human health |0,024 DALY Sum of Human toxicity (carcinogens), Human

tign footprint toxicity (non-carcinogens) and |mpact on
human health from lonizing radiafion

Whter scarcity| Human health |4,6x10-3 DALY Water deprivation for human users

foptprint

Whteér scarcity|Ecosystems 0,001 PDF.m2.a |Water use impacts on ecosystem

footprint

a  To be considered with care as the method of CML may be overestimated for marine ecotox and the conversion factor
is based on freshwater ecotox. More research is needed in this area as marine ecotox may be the dominant issue for water
degradation footprint.

NOTE Following the scope of ISO 14046, whatever the approach used (i.e. midpoint or endpoint), the impact categories
related to human toxicity (cancer, non-cancer, and from ionizing radiations) within the water degradation footprint only
account for emissions reaching humans through either water emission or through air and soil emissions going to water
and reaching humans, e.g. through water consumption, seafood consumption. In practice, impact assessment models might
not always be able to do so. For example, in the default version of the USEtox model (Rosenbaum et al. 2008[1Z]) impacts on
human health (from those three impact categories) associated with every fate and exposure pathway is accounted for and
is therefore an overestimation of the impacts on human health from water degradation footprint. The model and method
IMPACT World+ (Bulle et al. 2016[16]) allows to take into account the fate of the contaminant in water, and hence only the
relevant fraction to the water footprint.

© IS0 2016 - All rights reserved 29


https://standardsiso.com/api/?name=93db0e5a0ca136d566597699cf0a8bc2

ISO/TR 14073:2016(E)

6.11.4 Interpretation

Research is on-going to address other aspects related to water ecosystems than those listed in Table 19
and Table 20 above, such as groundwater table reduction (e.g. as Van Zelm et al. 2011[36]) or water
stream management (related to, for example, dams) (e.g. Humbert and Maendly 2009[37]). Practitioners
are recommended to integrate state of the art practices.

6.12 Example L - Non-comprehensive weighted water footprint of cereal cultivation

6.12.1 G

This exan
stand-alo1

This example describes the calculation of a water footprint according to the method ©f \Ridoutt a

Pfister (2
DWU) int
assessmel

nal and scope

ple illustrates calculation of a water footprint profile and subsequent weighting into-a sin
e indicator.

013)[22] which integrates consumptive and degradative water use (respectively CWU 4
b a single stand-alone indicator. The method uses weighting, is based on, the ReCiPe imp
it methodology (Goedkoop et al. 2009[21]), and utilizes the local chara¢terization factors

=}

nd
nd
hct
for

freshwatdr consumption reported by Pfister et al. (2009)[Z].
Water copsumed and emissions affecting water quality in the production, supply and applicatjon
of fertilizpr, as well as other farming operations (e.g. cultivating, harvesting) are excluded in this
simplified example.
NOTE Because this method uses weighting, the results cannot besused if the water footprint study is parf of
an LCA study used in comparative assertions intended to be discloseéd.to the public (see ISO 14044:2006, 4.4.5).
6.12.2 Inventory
The example is of a cereal cropping system involving 2 000 m3 per ha of freshwater consumed for
irrigation|(local water scarcity index 0,20), and .emissions of 4 kg phosphate per ha to freshwater. The
crop yieldis 4,5 t per ha.
6.12.3 Impact assessment
Following| Ridoutt and Pfister (2013JF22], the indicator results for water scarcity footprint (Fws) and
water degradation footprint (Fp) ate calculated according to Formulae (4) and (5), and expressed| in
the reference units H,0-eq, whiere 1 m3 H20-eq represents the burden on water systems from 1 md of
freshwatdr consumption at the global average water scarcity index (Ridoutt and Pfister 2010)[6l.
ydi

Fis F 2 |Vei % A% (4)
where
FWS issthe water cr‘arr‘ify anfprinf in Hzﬂ-nq per unitof prnﬂnr‘finn;
M is the mass of production;
Ve,i is the water consumed by production at location i;
a; is the relevant local water scarcity characterization factor for location i;
and

R
EWPS
Fy = WP 5)
m X R
X

where
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is the water degradation footprint expressed in m3 H»0-eq per unit of production;

ReEwps is the ReCiPe points determined for emissions to water for the production system;

Rx

m

is the global average ReCiPe points Fp attributable to 1 m3 of H»0-eq (1,86 x 10-

points per m3);

is the mass of production.

:2016(E)

3 ReCiPe

The single Value stand alone water footprint result is obtained by summing the indicator results for

tor coo tufootnrint and oot doagradaei o £ nt o rdinag tao Do 1o (AN

w

wh

F
Fy

Fp

Copcerning the application of the ReCiPe impact assessment-method, the individual endpoi
ar¢ normalized with European factors and weighted using)thie Hierarchist cultural perspec
approach considers an equal weighting given to the current impacts on the area of protection
heplth” and the current impacts on the area of protectiony“ecosystems”.

NO
po

walter footprint. Further details of the method aré.déscribed in Ridoutt and Pfister (2013)[22].

For the simplified cereal cropping examplé described above, the water footprint profile is

Tal

E31
ter-S€atr \,An_y 1UUL1J1 Heahe-water TCET aeratioh lUUktll Hta€eof uA116 \.u 1 oo (O

F=Fys + Fp

ere

is the water footprint;
S is the water scarcity footprint in H20-eq per unit of production;

is the water degradation footprint expressed in Hy0-eq per unit of production.

entially change the relative importance of water'consumed and water degraded in their contriby

le 21.

Table 21 — Water footprint profile of cereal

(6)

nt results
tive. This
“human

TE The application of alternative weighting *procedures could impact on the absolute results and

tion to the

shown in

Characterized Indicator Comment

results result .
Indicator Unit Unit (calculation based on
(‘pre-weighted (“weighted Version 1.07 - July 201

ReCiPe
D; http://

het)

results”) results”) www.lcia-recipe.

m3 H,0- m3 H,0-
eq/kg eq/kg

Water scarcity,

footprint 0,15

0,15 2 000 m3 x (0,2/0,6) /

4 500 kg

=

fo

(ater degfadation
btprint associated species.a
with freshwater 0,000 074 / kg

butnophication a

m3 Hp0- | 0,407 ReCiPe points / 1]

0,05 eq/ kg /4500 kg

86 x 10-3

a

Since the only pollutant emitted is phosphate, the only impact category affected is freshwater eutrophication (i.e. no
other impact categories, including human health, need to be assessed).

Following Formula (6), the water footprint resulting from the sum of indicator results for water scarcity
footprint and water degradation footprint is 0,20 m3 H»0 eq per kg crop product (at farm gate) (i.e. 0,15
plus 0,05).

©lI
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6.13 Example M - Water footprint of packaging production as part of a life cycle
assessment

6.13.1 Goal and scope

This example illustrates reporting of a water footprint profile as part of an LCA study.

This is an example of an LCA study of a specific packaging material The LCIA profile (Table 22) does not
include the impact category “water availability” or “water scarcity”. Using the guidance of ISO 14046,
this impact category is integrated into the LCIA profile of the original study in order to obtain a more

comprehensive LCTA profile.

The functjonal unit is 1 t of packaging material.

This exanjple also shows that most LCA study, even if not comprehensive, do contain non-cemprehensjve

or compre¢hensive water footprint profile.

'[lable 22 — Impact indicator results for the LCA of a specific packaging material

1mpact category Units Impact score

(as used in the original LCA study) (per't of packaging material)
Climate cHange tCOz eq 1,0

Energy nopn-renewable GJ 1,05
Eutrophichtion tNeq 7,3 x 10-4
Ecotoxicitly t2,4-Deq 0,24
Acidification tH+eq 5,7 x 10-4

6.13.2 Inventory

For the pyrposes of this example, the process to gather the inventory data of water consumption is 1}
shown. ThHe water consumption of packaging thaterial is determined to be 113 m3/t.

6.13.3 Impact assessment

The watel

hot

scarcity footprint is calculated as the water consumption per functional unit multiplied|by

the charagterization factor for the water scarcity of the location.
For the pyirposes of this example, the WULCA method (Boulay et al. 2016)[3] is used to evaluate the
characterjzation factor andis identified as being 1.
The LCA results, after’inclusion of the water scarcity footprint, are presented in Table 23.
Taple 23— Summary of results: water scarcity indicator as part of the original LCA
LCA prnfﬂn lmparf rafngnry Units lmpnr‘f score.
(per t of packaging
material)
Climate change tCOz eq 1,0
Energy non-renewable GJ 1,05
Water footprint profile, as |Eutrophication tNeq 7,3 x 10-4
partofan LCA (assuming g ¢qyicity £2,4-D eq 0,24
that here eutrophication, ——
ecotoxicity and acidification |Acidification tH*eq 57 x 10-4
only refers to water) Water scarcity footprint m3 H30 eq 113

32
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6.13.4 Interpretation

The water footprint assessment as part of a comprehensive product LCA study illustrated in
this example, allows for an examination of the risks or impacts of water withdrawal for product
manufacturing in terms of scarcity and other aspects, both present and future.

This application shows, as in the LCA study used in this example, how to enhance an existing LCA study
with a water scarcity impact category.

6.14 Example N - Non-comprehensive water footprint of textile production

6.14.1 Goal and Scope

Thie intention of this example is to illustrate a method to calculate a water scarcity footprint cqnsidering
segsonality and a non-comprehensive water degradation footprint.

Thie water scarcity footprint of the agricultural and fabrication unit processes is provided as the
indicator result of the impact category water scarcity. The indicator is thesesult of the charadterization
of the inventory result by a local scarcity characterization factor reflecting seasonality of watdr scarcity.
Thie location and time of freshwater consumption is taken into accountfor the cotton cultivation stage.

Thie non-comprehensive water degradation footprint is provided as the indicator result water
degradation calculated by a distance to target approach.

Thie scope of the water footprint inventory analysis and impact assessment is the foreground|system of
the¢ production of a pair of cotton jeans in southern Europe. The most relevant production stpges from
a Water resources perspective are the cotton production stage and the spinning and weaving|stages. In
this example, only the foreground system of textile.production is taken into account.

)

Figure 7 details the system boundary considered.

Foreground system
Freshwater Emission Freshwater Emission Freshwater Emission Freshwater Emission
consumption  to water consumption  to water consumption  to water consumption  to yvater

4 4 x 4 4 4 4 4

| Cotton production l—)' Ginning |—>| Spinning and weaving |—)| Cutting and finishjng |

Background system
(excluded)

Water consumption and water pollution associated with:
Fertilizers and other agrochemicals production
Packaging and other auxiliary material production
Machinery production and use
Energy production

Transport
T

Figure 7 — System boundary

6.14.2 Inventory

Freshwater consumption of the cotton production stage is calculated by determining the monthly
evapotranspiration of cotton ascribed to irrigation. Freshwater consumption is measured in each unit
process of production. Ginning freshwater consumption is estimated as the humidity needed for safe
fibre storage. The freshwater consumption of the spinning and weaving, and cutting and finishing
stages are calculated from the balance between water inputs and outputs of the factory (Chico et al.
2013[38]).
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The emissions to water in the cotton production stage is based on estimated excess nitrogen. The
spinning and weaving, and cutting and finishing stages took place in a single production plant where
effluents are collected before disposal to a municipal waste water treatment plant. Emissions to water
are calculated based on COD.

In this example, a pair of jeans has a lint density of 0,29 kg per m2 and requires 1,25 m2 per pair on
average, i.e. 0,36 kg of lint per pair of jeans.

Table 24 presents the inventory results per production stage expressed per kg of lint and per pair of jeans.

Table24—Inventoryresultsforeach-inventory flowperproductionrstageand-textite—;

Agricultural stage Manufacturing stage
Cotton production Ginning Splnnm_g and Cu_tt_lng_and Epilre stag_ i
weaving finishing manufacturipg
Total nitro-
Freshwater gen com- Freshwater Freshwater Freshwater COD
consumption| pounds,as | consumption | consumption | consumption
N, to water m
0 0 0 o) (me)
(mg)
Per kg linjt 1820,2 3,65 40,0 23,5 90,0 60
Per pair gf 653,5 1,3 14,4 8,4 32,3 22,5
jeans
6.14.3 Impact assessment
6.14.3.1 [Water scarcity footprint

The chardcterization factor is the water scarcity index calculated according to Hoekstra et al. (201
[11] per river basin and month as the ratio of tdtal basin freshwater consumption to natural wa
availability.

Table 25

productiopn in the area.

Table [25 — Water scarcity characterization factor, cotton production monthly freshwater
consumption and cotton'water scarcity footprint per month (calculated for the years 2005) in

presents the results of the impact assessment associated with freshwater consumption
cotton prpduction at a monthly level. The results represent the impact on water availability of cott

thebasin studied (for a production of 17 kt of cotton)

2)
fer

on

Monthly freshwater |Cotton water scar-
. consumption of cotton | city footprint, for | Water scarcity foot-
Month Water scarcity char- | production, for the the entire basin |print of a pair of jeaps
(Mm3 H0-eq / (1H20-eq / month)
(Mm3 / month) month)

1 0,05 0 0 0

2 0,13 0 0 0

3 0,20 0,56 0,11 2

4 0,48 291 1,40 29

5 1,32 4,64 6,15 128

6 3,43 6,69 22,96 483

7 494 691 34,15 716

8 5,48 5,8 31,80 671

9 5,23 3,23 16,89 363
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Table 25 (continued)
Monthly freshwater |Cotton water scar-
. consumption of cotton | city footprint, for | Water scarcity foot-
Month Water scarcity char- |  production, for the the entire basin |print of a pair of jeans
acterization factor entire basin
(Mm3 H0-eq / (1H20-eq / month)
(Mm3 / month) month)

10 4,36 0,45 1,96 41

11 2,64 0 0 0

12 n,'z'z Q Q Q

Total — 31,19 115,42 2433

It 1s also possible to sum monthly values to provide a view of total cotton freshwater corjsumption
anfl the water scarcity at the annual level. However, aggregation should be done earefully, since water
cohsumption and water scarcity have a temporal dimension.
Taple 26 presents the results of the impact assessment associated with £feshwater consumption in
jeans manufacturing at a monthly level.

Table 26 — Water scarcity characterization factor, jeans manufacturing monthly freshwater
cpnsumption and manufacturing water scarcity footprint pér month (calculated for the years
2005) in the basin studied (for a manufacturing equivalent to 47 000 000 pairs of jeans)

Monthly freshwater Jeans manufactur- |y 0. carcity
. ing water scarcity ; .
Water scarcity charac- | consumption ofmanu- footprint footprint of a pair
Month terization factor |facturinginthatbasin P of jgans
3 (Mm3 H0-eq / i
(Mm3y/ month) month) (1H20-eq|/ month)
1 0,05 0,22 0,01 0,p1
2 0,13 0,22 0,03 0,01
3 0,20 0,22 0,04 0,02
4 0,48 0,22 0,11 0,p5
5 1,32 0,22 0,29 0,14
6 3,43 0,22 0,76 0,86
7 4,94 0,22 1,09 0,p2
8 5,48 0,22 1,21 0,b8
9 5,23 0,22 1,15 0,p5
10 4,36 0,22 0,96 0,46
11 2,64 0,22 0,58 0,8
12 0,33 0,22 0,07 0,04
Total — 2,64 6,30 3,03

6.14.3.2 Water degradation footprint

The non-comprehensive water degradation footprint, used in this example, sometimes referred to as
grey water footprint (Hoekstra et al. 2011[39]), is defined as the water volume needed for assimilating
the load of pollutants given the ambient water quality standard in the receiving water body, calculated
for each pollutant. The non-comprehensive water degradation footprint, used in this example is
calculated according to Formula (7):

Fp= D2 (e x /) 7)
where
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Ej

is the non-comprehensive water degradation footprint, in 1 H0-eq;

is the characterization factor for each E; (1 per mg) (a;is assessed for each pollutantias a;j=x /
(Cmax — Cnat) with Cax being the ambient water quality standard in the receiving water body
and Cpg¢ the background natural concentration of the pollutant in the receiving water body);

is the amount of pollutants emitted to water (mg).

The non-comprehensive water degradation footprint, used in this example, is determined by the
pollutant that is most critical, that is, the one that is associated with the largest pollutant-specific

degradati

stage and

COD for the fabrication stage.

Table 27 gresents the non-comprehensive water degradation footprint results by production-stage.

Table 27 — Non-comprehensive water degradation footprint results by production stage

(average values)

5 1 - 1 - 1 . 1 : 1C 3 1
DIL. TIT LIS ©X4AIIIPIC, THTOZCIT COIIPOUIIUS CIIIILLEU LU WdlET 15 UsSTU 101 LIIC COLLUIl proauct on

Agricultural stage (cotton |Manufacturing stage (domi-
production) nated by weaving)
Freshwater degradation Freshwater degradation
associated with Nitrogen associated with COD
Characterjzation factor (1 per mg) 121 0,001
Non-comprehensive water degradation footprint 443 0,08
(1 per kg lint)
Non-comprehensive water degradation footprint
Il 159 0,03
(1 per pairfof jeans)

6.14.4 D

The exan

jscussion

scarcity I)otprint and a non-comprehensivé, water degradation footprint of a particular prod

consideri

The exan
productio

the water

6.14.5 Li

The non-d

footprint
bodies in

g seasonality:.

resource.

mitations

n Hoekstralet al. 2011[39]), aims to estimate the pressure of a specific process on freshwa

account for all\the different aspects of water quality degradation. For example, pollutants are o

taken intd

account when they are reflected in the ambient water quality standard.

ple presented a particular application-of a water footprint inventory analysis and wafer

ict

ple allows a local analysis-of the impact of freshwater consumption associated with the
I of jeans, identifying the'places and months where this production poses a greater impact|on

omprehensive-water degradation footprint as calculated in this example (termed grey wafer

Ler

terms<of their capacity to assimilate pollutants. However, it does not have the capacity|to

hly

The approach used in this example to assess the water degradation footprint uses a characterization
model that has two specificities as compared to the more “traditional” life cycle assessment.

— It uses the ambient water quality standard as a proxy for assimilation capacity of freshwater
bodies and for the environmental impact: this assumes that the ambient water quality standards
are based and correlated to actual environmental impacts (i.e. that the ratio between the ambient
water quality standard of two pollutants reflects the ratio between the environmental impact of
those two pollutants). This is not always the case as some ambient water quality standard may be
influenced by other factors than purely the environmental impacts. This limitation needs to be kept
in mind when interpreting the results of this approach.

— It uses only the “dominant” pollutants in the characterization model. It means that it assumes that
the environmental impacts are correlated with the pollutant being more demanding in terms of

36
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assimilation capacity of freshwater bodies (i.e. “reaching” first the ambient water quality standard),
independently of the amount of other pollutants. It means, for example, that in a drainage basin
where NO3- reaches first the ambient water quality standard as compared to PO43- and glyphosate,
an activity emitting 1 kg NO3-, 10 g PO43- and 0,01 g of glyphosate, has the same potential impact
as an activity emitting also 1 kg NO3- but only 2 g PO43- and 0,001 g glyphosate. This assumption
that only the “dominant” substance “counts” for the environmental impact is in contradiction
with the more traditional life cycle impact assessment that accounts for cumulative impacts of
different pollutants. Whether the approach presented in this example or the more traditional
impact assessment is more correct is outside the scope of this document. However, the limitations
associated with these assumptions need to be kept in mind when interpreting the results.

NOTE The approach using the P-limited and N-limited impact categories for water eutrophication is
also based on the assumption that the impacts are linked to only the “dominant” pollutant{ however, in that
case both impact categories are presented together: this allows to not “loose” the “cumulative” view.

6.15 Example O - Non-comprehensive weighted water footprint of municipal water
management
6.15.1 Goal and scope

Thijis example illustrates calculation of a water footprint at midpoint.and endpoint, and use of weighting

to
A
int
dis
Thi

bive a stand-alone indicator.

ivater utility, located in a region A with relatively high ‘water scarcity, provides a service that
egrates drinking water production and distributionte users and waste water treatmg¢nt before
charge to the environment.

e goal is to assess the water footprint of urban water cycle as:

a comprehensive water footprint profile;presented at the level impact categories and areas of
protection, integrating all relevant impacts related to water;

a single value obtained after weighting.

Thie functional unit is the distribution of 1 m3 of drinking water to users. This study inclufles direct

W3
du

6.1
Eldg

(Figure 8).

NO
(#7
acd

ter consumption and quality'degradation generated through drinking water uses and alsofindirectly
P to the consumption of efiergy and reagents at water and waste water treatment plants.

5.2 Inventory
mentary flows~are the river water withdrawal (#1) and the treated waste water discharge (#4)
TE For/simplicity, other flows such as losses in the domestic (or drinking) water distributign network

), the-waste water collection network (#3) and the Reuse water distribution network, are not|taken into
ount.in this example.

©lI

Water
#1 treatment | #2 0 #3 Waste water
plant ] Users | treatment
Withdrawal (dri-l:,];i::i i\zz;er Drinking Waste water plant
P d Wabter collection J
istribution
#4 Discharge
River . s

Figure 8 — Scheme of urban water cycle
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Every year, 100 Mm3 of drinking water are distributed. The waste water generated by the use of this
drinking water is sent to the waste water treatment plant for treatment previous its discharge into the
river. The data of the water footprint inventory for water-related flows are presented in Table 28. Data,
relevant for water footprint assessment, are also collected for all the reagents or energy used for water
and waste water treatment.

Table 28 — Collected data for the distribution of 1 m3 of drinking water

Description Quantity Unit

Input River water withdrawal (#1) 1 m3

Ou|tput Treated waste water discharge (#4) 09 3

Nitrogen compound Ammonia 2 g

Nitrogen compound Nitrates 12 g

Phosphorous Phosphorous 2 g

Hormones Estradiol 1/%.10-5 g

Hormones Ethinyl estradiol Tx10-5 g

Pesticides Chloropyrifos 5x10-5 g

Pesticides 3-(3,4-dichlorophenyl)-1,1-dimethylutéa| 2,2 x 10-4 g

Polﬁ/cyclic aromatic Anthracene 22 x10-4 g

ydrocarbons
Polﬁ/cyclic aromatic Fluoranthene 1x10-4 g
ydrocarbons

Pharmaceuticals Erythromycin 1x10-4 g

Pharmaceuticals Ibuprofen 3x10-4 g

Reagent cpnsumption Reagent 1 0,010 kg

Reagent'2 1,0 x 10-3 kg

Energy cdnsumption Electricity 0,072 kWh

NOTE For simplicity, the inventory is limited to the most relevant parameters regarding water quality
(selected micropollutants) or treatment plant’s’life cycle (reagents, energy), but in practice it is recommended
to be as cpmprehensive as possible in the water footprint assessment. The emissions indicated in Table|28

correspondl therefore to the emissions associated with the full life cycle under study.

6.15.3 Impact assessment

6.15.3.1 [Indicators

Indicatord have been\selected for different impact categories as well as the three area of protection and
are summjarized in\Jable 29.
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Table 29 — Indicator and associated characterization model used

dation

Type of indi- Impact category Characterization | Area o_f protec- Characterization model
cators model tion
Water deprivation effect to
Ecosystems ecosystems from Pfister et
al. (2009)[Z]
Consumptive Water scarcity index Water deprivation effect to
water Ese Water scarcity from Pfister et al. Human Health | human health from Pfister
(2009)[Z] etal. (2009)[Z]
Water deprivation effect to
Resources resources from Pfjster et al.
(2009)[Z
Water degra- | Freshwater eutrophica- | ReCiPe (Goedkoop et ReCiPe-{Goedkopp et al.
dation tion al. 2009121]) 2009121]
Water degra- . o ReCiPe (Goedkoop et ReCiPe (Goedkopp et al.
dation Marine eutrophication al. 2009121]) 2009(21]
Water degra- e L IMPACT 2002+ (Jolli- IMPACT 2002+ (Jqlliet et al.
dation Freshwater acidification et et al. 20030151) Ecosystents 200301511
Vfater degra- Marine acidification Missing Missing

dation

Water degra- Freshwater ecotoxicit USEtox (Rosenbaum USEtox (Rosenbaum et al.
dation Y| etal.2008017]) 2008[17]
Water degra- . - - .
Marine ecotoxicity Missing — Missing

=

[ater degra-
dation

Toxicity to Human

USEtox (Ros€ntbaum
etal. 2008[17]) (see
NOTE 2)

Human Health

USEtox (Rosenbaum et al.
2008[17]

re

to

NQTE 1 In this example, impacts from ionizing radiation, thermal release as well as other types of water body
grpundwater extraction or hydropower use of str€am) have not been included.

NQTE 2 Following the scope of ISO 14046, whatever the approach used (i.e. midpoint or endpoint), the impact
ated to human toxicity (cancer, non-cahcer, and from ionizing radiations) within the water degradation foqtprint only
acfount for emissions reaching humans through either water emission or through air and soil emissions goipg to water
anfd reaching humans, e.g. through water consumption, seafood consumption. In practice, impact assessment hodels may
nof always be able to do so. For example, in the default version of the USEtox model, which is used here, impactf on human
heplth (from those three impact-eategories) associated with every fate and exposure pathway is accounted
therefore an overestimation-of the impacts on human health from water degradation footprint. The model IMPACT World +
(Bplle et al. 2016[16]) allows.to take into account the fate of the contaminant in water, and hence only the relev.
the water footprint,

Ise (such as

categories

for and is

nt fraction

6.1

5.3.2 Weighting step

Baped on the/indicators assessed, a weighed water footprint is calculated according to an adgptation of
the¢ Ridautt and Pfister (2013) method[22] by Penru et al. (2014)[40] which permits the aggrggation of

the jmpacts of both consumptive and degradative water use into a single stand-alone indicatqr.

Concerning the application of the ReCiPe impact assessment method, the individual endpoint results
are normalized with European factors and weighted using the Hierarchist cultural perspective. This
approach considers an equal weighting given to the current impacts on the area of protection “human

health” and the current impacts on the area “ecosystems”.”

NOTE

The application of alternative weighting procedures could impact on the absolute results and

potentially change the relative importance of water consumed and water degraded in their contribution to the

water footprint.

The final result is expressed in litre of water equivalent (1 H20-eq) as this is more meaningful for public
communication. Conversion factors used to go from impact categories to weighed results are presented

in Table 30.
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Table 30 — Conversion factors used to go from impact categories to weighed results

Degradative water use Consumptive water use
Aquatic eutrophication 53 —
Aquatic acidification 2,5 x10-2 —
Freshwater ecotoxicity 1,0 x 10-2 —

H o 9,2 x 107 (cancer)
uman toxicit —
Y 2,2 x 107 (non-cancer)

Water scapcity _ 17

6.15.4 Interpretation

Water fookprint profiles are presented in Table 31.

Table 31 — Impact assessment results

Impact score Unit
Aquatic eytrophication a 3,8x10-4 kgPeq/FU
Aquatic adidification a 1,1x10-4 kg SOz eq / FU
Freshwatdr ecotoxicity 2 0,2 CTUe / FU
Human tokicity a 2,1x10-11 CTUy / FU
Water scafcity a 1,9x10-3 m3 Hy0 eq / FU
Ecosysten quality b 8,9x10-3 PDF.m2.a /FU
Human hefalth b 7,2x10-11 DALY / FU
Resourceq b 5,1x10=5 MJ] / FU
a  Atthe Jevel of impact categories, expressed in midpoint units.
b Area of protection, expressed in endpoint units.

The water scarcity footprint and water~degradation footprint are calculated by aggregation and
weighting, as presented before. Finally, the' water footprint can be expressed as a single, stand-algne
indicator [Table 32).

NOTE According to ISO 14044:2006, 4.4.5, weighting cannot be used in LCA studies intended to be used in
comparatiye assertions intended to\be disclosed to the public.

Table 32 — Water, scarcity footprint, water degradation footprint and (weighed) water
footprint of the baseline

Water scarcity Water degradation footprint Weighted water footprint
footprint

1 H20-eq / m3 water distributed to users

Baseline 32 ! 227 ! cq

In this example, the water degradation footprint is more important than the water scarcity footprint.
These results suggest that in order to reduce the weighted water footprint of this urban water cycle,
improvement should be made to the discharged water quality.

In order to reduce the water degradation footprint, a tertiary treatment of the waste water is
implemented at the waste water treatment plant. It achieves better removal of nutrient and
micropollutants whereas it increases the consumption of reagents and energy (Table 33).
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Table 33 — Collected data for the distribution of 1 m3 of drinking water after tertiary
treatment implementation

Description Quantity Unit
Input River water withdrawal (#1) 1 m3
Treated waste water discharge (#4) 09 m3
Nitrogen compound Ammonia 0,5 g
Output Nitrogen compound Nitrates 2 g
Phosphorous Phosphorous 0,5 g
Micropollutants Not detected
Reagent consump- Reagent 1 0,010 kg
tion Reagent 2 1,9 x 10-3 kg
Erergy consumption Electricity 0,1 kWh

After waste water treatment improvement, both water degradation footprint and the weighted water
foqtprint are reduced by 75 % and 66 %, respectively (Table 34). Based en‘these results, this example
illystrates the relevance of an initial baseline to evaluate the impact of-process modification§ on water
foqtprint.

Tgble 34 — Water scarcity footprint, water degradation footprint, and weighed water footprint
after waste water treatment plant improvementand comparison to the baseline

Waft er sca}rcity Wateridegradation footprint Weighted ‘.Na' er foot-
ootprint print
1 H204eq / m3 water distributed to users
Baseline 32 226 259
After improvement 32 56 89
(ompared to the baseline No change -170 (75 %) -170 (-6 %)

Thiis example illustrates the use of sevéral levels of water footprint indicators for non-compgrehensive
anfl weighted water footprint. It helps to prioritize actions for water footprint reduction. The water
foqtprint allows to quantify theiinfluence associated with the improvement.

Thie approach could be improved by using:
a) | a comprehensive list-of impact categories to assess the water degradation;
b) | monthly scareity characterization factors.

It 3lso reflects;everall performance based on annual values, but could be applied at a daily leyel to take
intfo accouiit possible variation on water quality.

NOTE The application of alternative weighting procedures could impact on the absolute results and
potentjally change the relative importance of water consumed and water degraded in their contribytion to the
water T00tprint as well as the retative Importance of Impacts to numan health and ecosystem within the water
degradation footprint.

6.16 Example P - Non-comprehensive water footprint of a company producing chemicals
(organization)

6.16.1 Goal and scope

This example illustrates the calculation of direct water scarcity footprints and non-comprehensive
direct water degradation footprints for an organization comprising two sites.
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The goal of this example is to quantify the corporate sites’ water scarcity footprint and different types
of water degradation footprints of a chemicals producing company, where the assessed activities of the
facilities are owned by the chemical company.

It will be outlined how the different corporate sites water footprints can be calculated. In the
degradation section, the following are calculated and reported for each corporate site:

— eutrophication water degradation footprint;

— heavy metal water degradation footprint;

— orgar]ic substances water degradation footprint.

The chemjcals company operates many production sites worldwide and produces thousands ofprodugts
for differdnt applications. The organization has the financial and operational control over the facilities.
The wate footprint of the organization therefore accounts for the activities under its control.

NOTE The following formulation is also sometimes used: “It accounts for the 100 %. of the potential
environmental impacts related to water of its operations”. This formulation is not used inthis document in orfler
to avoid mixing with the concept of comprehensiveness when talking about “100 % of the potential environmerjtal
impacts”.

The repornting unit is the annual production of the company, produced on different sites.

This exanjple focuses on the gate-to-gate boundary, but could be combined with water footprint resylts
associated with upstream activities in order to generate the cfadle-to-gate water footprint of the
company.|The boundary can be modified depending on the scope and standard with which the wager
footprint pf organization needs to comply.

6.16.2 Inventory

The complny collected data on annual water inputs‘and outputs from each of the facilities, in ordei| to
determing the direct water consumption. That includes cooling processes, electricity production, wagte
water treatment facilities and waterworks which are owned and operated by the company.

The annupl freshwater consumption from/a facility is the difference between the freshwater input
and the wjaste water discharge. Indirectly, the water content of the products are included if this wafer
content is|generated in the boundayyof the reporting company.

The annuil freshwater input is-determined by quantifying the water which is supplied via water pipes
from extefnal suppliers and fr¢m site-owned sources.

The annugl freshwater discharge is determined as the volume of water which leaves the plant in sewdge
pipes minjus the volurhé-of storm water which flows through those pipes. Water evaporation from the
area of th¢ plant ismof considered as it is assumed that the same volume of water evaporated before the
plant is byilt.

The water use'of those sites is assessed with the local water scarcity index (Berger et al. 2014[12]). Only

those tW sitas can ho ciymmarizod +0 an aagaraagatad watar footnrint hacauica avaraginag of frachyarq er
S-St or T4 to—o g ST e ot eyt e Ot P D ettt v e ra g i 5 O S5 vv ot

consumption on the inventory level, as used for other LCI data, is not permitted for the determination of
the water footprint (see ISO 14046).

Most of the water is used for cooling of reactions and is discharged to the same water basin afterwards.
A high amount of water is used several times for cooling before it is discharged back to the basin. Losses
of water are linked to direct integration of water into products, losses by evaporation for electricity
production, steam production and in the condensation process of water after cooling in the different
facilities of a site. The two sites produce their own electricity and steam on-site, so these water uses
and losses are considered as well.

Additionally different water degradation footprints are calculated by collecting data for emissions to
water of heavy metals, nitrogen and organic substances expressed in COD. Data for the assessment of
the company were collected from every site to introduce them into the average figures. Though the
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geography may be relevant for the impact to the environment related to degradation, in practice, for the
sake of simplification, aggregation is often done at the inventory level. It is considered, that no specific
protection areas are linked with the emissions.

6.16.3 Impact assessment

6.16.3.1 Direct water scarcity footprint

The annual direct water scarcity footprint of a plant n is calculated as the annual direct freshwater
consumption of this facility (i.e. the quantity of water which “disappears” by evaporation, integration
intjo solid products or waste or direct release into the sea) multiplied by the characterization|factor for
wdter scarcity of the location where the facility operates.

Thie direct water scarcity footprint parameters of two sites with different water, searcity indices are
sh¢wn in Table 35.

Table 35 — Direct water scarcity footprint of the two sites belongingto the organization (for

the year 2013)
Fresh water | Total water |Fresh water con- | Water scarcity | water scarcity foot-
input discharge sumption lnflex of th_e print,|total
region consid-

Mm3 Mm3 Mm3 ered Mm3 HpO-eq
Site 1, region 1 1248 1222 26 0,1 2,b
Sife 2, region 2 232 227 5 1 5P
Total — — — — 7,6

Thie direct water scarcity footprint of all faciliti€s'of the company from gate-to-gate is 7,6 Mm3 H20-eq
per year.

To|generate a cradle-to-gate water scarcity footprint, all purchased products, energy, and all external
sefvices need to be included, after consideration of the cut-off criteria. Therefore, much morg data are
negded from suppliers, including fer every single product, energy carrier, etc., that is purchased.

6.16.3.2 Non-comprehensive:direct water degradation footprint

Witer that has been used for washing operations, quenching, reaction-stopping, work-up, efc., during
the production of chemicals, often contains pollutants. The waste water is treated after yse and is
released to the same.diainage basin as it is withdrawn. The water has a good quality after the freatment,
buf some pollutafits temain. This reduces the quality of water compared to freshwater and rgsults in a
wdter degradation footprint.

The impactassessment can be made with different methods. In this example, the assessmejnt of non-
comprehiensive water degradation is carried out by means of the “critical water volume (CW[V)” model
(Powell et al. 1995[41], Schmidt et al. 1992[42]). Only emissions to water are considered - hir or soil

ieiaonc Froan v citac gt Affa b o tagob g o A S oo ad faor thavrafora tbha ot d d t
err IJJIUIIJ 1T1TUITI1T LI JIL\.&J vviILIT CIIC LU Lo UIX VV AL dIcTv 11uUc u\.uvullb\,u 1TUT CIICIT CIUIC LIIv vvdalcll u\,gra a lon

footprint is only an assessment of a non-comprehensive water degradation.

For selected pollutants that enter the water, the theoretical water volume required to dilute the
pollutant to the statutory limit value (critical load) is determined. The volumes calculated for each
pollutant are added up to yield the non-comprehensive water degradation footprint.

The factors for calculating the non-comprehensive water degradation footprint are shown in the
Table 36. The requirements that are made on sewage at the point of discharge to surface water, listed in
the appendices to the German Waste Water Regulation, are the basis for the factors. In general, region
specific factors are used for the different sites. Because they are not available for all regions, the factors
of the German Waste Water Regulation are used in this example, and are presented for illustration only.
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These limits are generally based on the relevance of the emitted substance for the environment; in some
cases, technical issues are taken into account in establishing the regulation. The more critical a pollutant
is due to its environmental effect in the aquatic system, the higher the relevant characterization factor.
Based on scientific criteria, the potential of different pollutants to harm the environment is assessed
and expressed in the characterization factor. Other impact assessment systems can be chosen and
the factors shown in this example can be replaced if there is a scientific sound basis for them to avoid
misleading information.

The non-comprehensive water degradation footprint is calculated according to Saling et al. (2002)[23]

with Formula (8).

Fp =P (e x ) ()
where
Fp if the non-comprehensive water degradation footprint, expressed in litres H>0-eq;
a; ip the characterization factor for each E; which can be obtained for eachpollutant i;
E; ip the amount of pollutants emitted to water.
Table 36 — Characterization factors for the pollutants
Polllutant to water Requirement on waste water Characterization factor
(mg/1) (1H20-eq / mg)
(Appendix 22 to German Waste
Water Regulation)
Organic substances 75 0,013
N total 13 0,077
Hg 0,001 1000
Cd 0,005 200
Cr 0,05 20
Zn 0,2 5
Cu 0,1 10
Ni 0,05 20
Pb 0,05 20
Sn 0,2 5
Other heavy metals 2 0,5
Often parpmetefrs-of pollutants are collected as aggregated figures. This is true in this example for
heavy mefals<In that case the most critical figure is chosen in a conservative approach. This calculatjon
shows a hjglrimportance for the heavy metals subsequently (Table 37 and Table 38).

For a better interpretation of the results and the assessment of the variability, a scenario analysis is
needed to show how the system changes depending on what actual metals are part of the heavy metals
category. In this scenario, though both sites are not in the same region, the same requirements on waste
water are assumed.
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Table 37 — Corporate sites non-comprehensive water degradation footprint with conservative
characterization factors for heavy metals

. Degradation
Requirement on f .
waste water water footprint
izati Mm3 H0-e
I me/l = ¢/m3) | Characterization | ( 20-eq
Location Pollutant to Emission (mg/1=g/m3) factor /a)
water (t/a) (Appendix 22 to iderine 106
German Waste (m3Hz0-eq/g) | (considering
Water Regula- togofromttog
o and 10-6 to go
"""" from-n3 to Mm3)
Organic sub- 6500 75 0,013 87
_ stances (COD)
Site 1 N total 1230 13 0,077 95
Heavy metals 14 0,001 1000 14 000
Organic sub- 1344 75 0,013 18
_ stances (COD)
Site 2 N total 172 13 0,077 13
Heavy metals 2 0,001 1000 14500
Organic sub- 7730 150 0,013 105
stances (COD)
Total N total 1402 26 0,077 108
Heavy metals 16 0,002 1000 1% 500
Total — — — 1% 713

characterization factors for heavy metals

Table 38 — Corporate sites non-comprehensive water degradation footprint with lower

Requirement on
waste water

Degrjadation
water ffootprint

Pollutant to Emission (mg/l=g/m3) | Characterization | (Mm3H,0 / a)
Location . factor o
water (t/a) (Appendix 22 to 5 (considering 106
German Waste (m3 Hz20-eq / g) togoffomttog
Water Regula- and 1P-6 to go
tion) from m3 to Mm3)
Orgahic sub-
. stances (COD) 6500 75 0,013 87
Site 1 N total 1230 13 0,077 95
Heavy metals 14 0,05 20 P30
Organic sub-
. stances (COD) 1344 75 0,013 18
Site 2 N total 172 13 0,077 13
Heavy metals 2 0,05 20 30
Organic sub-
stances (COD) 7 730 150 0,013 105
Total N total 1402 26 0,077 108
Heavy metals 16 0,002 20 320
Total — — — 533

6.16.4 Interpretation

Different types of water footprints can be calculated. Depending on the goal and scope of such a study,
a water scarcity footprint as well as a non-comprehensive water degradation footprint can be obtained
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by using data that companies report in their annual reports or in other publication frameworks. In this
example only the impacts directly associated with site water consumption or some site emissions are
accounted for.

The non-comprehensive direct degradation water footprints presented here describe non-
comprehensive water degradation of the company related to direct emissions to water only. In order to
make the direct water degradation footprint complete, the water degradation footprint associated with
air and soil emissions affecting water would need to be calculated.

6.17 Example Q - Water scarcity footprint of an aluminium company (organization)

6.17.1 Gpal and scope

This exanjple illustrates calculation of the direct and indirect water scarcity footprint of an,6rganizatfon
comprisirlg a number of different facilities throughout the supply chain.

The goal ¢f the study is to determine the water scarcity footprint of an organization, i‘e. an aluminifim
company which owns four bauxite mines, three alumina refiners and eight aluininium smelters, but
does not pwn or control plants for semi-finished products. The organizatignyhas the financial gnd
operationpl control over the facilities included in this study. The water foétprint of the organization
therefore accounts for the activities under its control.

An additignal goal of the study is to determine the direct and indirec¢t water scarcity footprint of the
primary aluminium which the company supplies.

The overdll activity of the company is to produce bauxite, alumiha and primary aluminium ingots. The
reporting|unit is the annual production of the company.

Two diffefent boundaries are considered, i.e. the boundary for the organization and the cradle-to-gate
boundary] for the organization, see ISO 14046:2014;Eigure A.1. As shown in Figure 9, the cradle-fo-
gate syst¢m includes the supply of the most important materials and energy. The term “cradle-to-
gate” means that the further processing, use and-énd-of-life stages of specific aluminium products are
excluded from the system.

Direct
water
outputs

Direct N
water inpufts

Bauxite mining

=
=
=
=]
Ancillary 52
2 ; R
= materials . - =y
= (petrol coke, pitch, Alumina refining &8
= & lime, NaOH, AIF3) E g
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=8 Fuel ‘-:.'
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@ Anode production
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- casting
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Figure 9 — Direct, indirect and cradle-to-gate water scarcity footprint (WSF) of an
aluminium company

The annual production of the smelters is 2,41 Mt of primary aluminium for which 4,7 Mt of alumina are
needed. The alumina refiners of the company produce 8,7 Mt of alumina annually, from which they sell
4,7 Mt to the own smelters and 4,0 Mt to third-party companies.

For the annual production of the refiners of 8,7 Mt alumina, 25,3 Mt of bauxite are needed. The mines of
the company produce, annually, 30 Mt of Bauxite, from which they sell 25,3 Mt to their own refineries
4,7 Mt to third-party companies.
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Consequently, the reporting unit of the aluminium company is the supply of 2,41 Mt of primary
aluminium, 4,0 Mt of alumina and 4,7 Mt of bauxite.

6.17.2 Inventory

The company collected data from each of the plants on annual water inputs and outputs, in order to
determine the direct water consumption. Furthermore, data on annual ancillary material consumption,
fuel and electricity consumption and transports are collected to determine the indirect water scarcity
footprint.

T
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ter discharge and, for bauxite mines, also includes the water content of the shipped bauxit

The freshwater input is determined by quantifying the water which is supplied yialwater
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water discharge is determined as the volume of water which anngally leaves the plant
es minus the annual volume of storm water which flows through thiese pipes. Water evapor
 area of the plant is not considered as it is assumed that the same volume of water had e
fore the plant had been built.

TE2  Water going to sewage pipes managed by external cofppdny is part of indirect water footp
mple, water consumption of external sewage plant has beenneglected.

nas been decided to use the method of Pfister et@l. (2009)[Z] as a source for the charad
tors. For each site the local water scarcity index (used as characterization factor) is d¢
ng Pfister et al. (2009)[Z].

averaging includes aggregation, “conventional” averaging of freshwater consumptiq
entory level, as used for other LCI datajis not permitted for the determination of the water
he relevant sites are located in areas with different water scarcity (see ISO 14046:20

e calculated.
7.3 Impact assessment

7.3.1 Direct water’scarcity footprint

this example; the annual direct water scarcity footprint of each plant is calculated as t
shwater copsumption (i.e. the quantity of water which has evaporated, integrated into solg
waste or_directly released into the sea,) multiplied by a local characterization factor.
hracterization factor is the water scarcity index of the location where the plant operates

ter'scarcity index associated with the method of Pfister et al. (2009)[Z] for that location (

t and the

h

pipes by

TE1 Water coming from external suppliers is part of indirect water footprint.'In this exanple, water
C(:Eumption of external water supply systems has been neglected.

in sewage
hition from
yaporated

Fint. In this

terization
btermined

n on the
footprint,
14, 5.3.2).

erefore, for the purpose of this study, no averages of the water consumption of the aluminium plants

he annual
products
The local
being the
livided by

thg

b average global water scarcity index associated with the method of Pfister et al. (2009)[7],

i.e. 0,6).

The direct water scarcity footprint parameters of the different bauxite mines, alumina refiners and
smelters of the aluminium company are shown in Table 39, Table 40, and Table 41.
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Table 39 — Direct water consumption and direct water scarcity footprint of bauxite mines

Direct Direct
Local | shipped Water con- Total fresh Total_ Fresh water WSF, WSF pert
. waster | . tained in . water dis- . total b .
Mine € auxite . water input consumption of bauxite
scarcity bauxite charge 3
i 3/a Mm3/a Mm m3 Hp0-
index Mt/a Mm3/a Mm Mm3/a H,0-
eq/t
eq/a
Mine 1 0,013 13,0 1,3 2,4 1,1 2,6 0,05 0,004
Mine 2 0,24 8,6 0,7 1,1 0,0 1,8 0,72 0,083
Mine 3 0,13 2,5 0,3 0,9 0,3 0,9 0,20 0,081
Mine 4 0,06 5,6 0,5 3,2 1,6 2,1 0,21 0,038
Total or Average 30 — — — — 1,18 0,040
Table 40 — Direct water consumption and direct water scarcity footprint of alumina refiners
Loctal Shipped | Freshwater | Water Water con- |DirectWSF| Direct WSF per t
; waster | jlumina input discharge| sumption of alumina
Refiner scarcity p g p Mm3-H,0-
index Mt/a Mm3/a Mm3/a Mm3/a eq/a m3 Hy0-eq/t
Refiner 1 0,01 4,5 17,8 6,8 11,0 0,2 0,04
Refiner 2 0,34 1,7 7,6 1,2 6,4 3,6 2,13
Refiner 3 0,16 2,5 26,1 12,8 13,3 3,5 1,42
Totdl or Average 8,7 — — — 7,4 0,85

Table 41 — Direct water consumption and direct water scarcity footprint of aluminium
smelter's
Shipped | Freshwater | Water dis-| Water con- |Direct WSF W];;‘re; t
Plant Local waster | gluminium input charge sumption 3 p
name | | scarcity index Mm? H20- |3 H,0Q-
Mt/a Mm3/a Mm3/a Mm3/a eq/a

eq/t
Smelter 1 0,010 0,23 0,80 0,67 0,13 0,002 2 0,009
Smelter 2 0,069 042 1,20 0,79 0,41 0,047 0,112
Smelter 3 0,032 0,15 0,30 0,17 0,13 0,006 8 0,046
Smelter 4 0,100 0,09 0,11 0,06 0,05 0,008 3 0,093
Smelter 5 0,011 0,48 3,60 2,10 1,50 0,029 0,059
Smelter 6 0,05¢ 0,35 1,90 1,35 0,55 0,047 0,134
Smelter 7 0,014 0,52 2,90 1,89 1,01 0,023 0,044
Smelter 8 0,022 0,17 3,20 2,60 0,60 0,022 0,127
Tot3l'en)Average 2,41 — — — 0,185 0,077

The direct water scarcity footprint of the company is 8,7 Mm3 H20-eq/a, where:

— the bauxite mines contribute to 1,18 Mm3 H0-eq/a;

— the alumina refiners contribute to 7,4 Mm3 H20-eq/a;

— the smelters contribute to 0,18 Mm3 H;0-eq/a.

6.17.3.2 Indirect water scarcity footprint

In order to determine the indirect WSF of the different plants of the companies, data about the
consumption of ancillary products and energy of the bauxite mines, the refiners and the smelters are
collected. For each of those inputs, the WSF data are determined via a data provider.
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Special consideration is given to the electricity supply of the smelters. Each smelter reported its
electricity consumption and the source of electricity (dedicated power plant, national grid or regional
grid). Then for each dedicated power plant the WSF per MWh is determined. For those smelters which
got the electricity from a national or a regional grid, the WSF per MWh is determined by:

— selecting a representative number of power plants from this grid;
— determining the total WSF and the total electricity production, plant-by-plant;

— dividing the total WSF by the total electricity production of these power plants.

Thle result is shown in Table 42.
Table 43, Table 44, and Table 45 show the calculation of the indirect WSF of the bauxite mines, the
alymina plants and the smelters.
NOTE The WSF associated with the ancillary materials, fuels and electricity is calgtlated as the production
wejghted WSF of the different suppliers in the background. However, this work is done.in and by the background
database supplier and is used as a generic information.
Table 42 — Calculation of the annual WSF of the electricity supplyof the aluminium smelters
Shipped alumin- . . . WSF of electric- | Annulal WSF of
Plant name ium Electricity consumption ity eleftricity
Mt/a MWh/t MMWh/a m3 Hz0-eq/MWh | Mm3 H20-eq/a
Smelter 1 0,23 14,5 3,3 0,23 0,77
Smelter 2 0,42 13,8 5,8 0,16 0,93
Smelter 3 0,15 15,1 2,3 0,69 1,56
Smelter 4 0,09 15,6 1,4 0,52 0,73
Smelter 5 0,48 12,9 6,2 0,32 1,98
Smelter 6 0,35 14;8 5,2 0,12 0,62
Smelter 7 0,52 14,0 7,3 0,09 0,66
Smelter 8 0,17 13,7 2,3 0,85 1,98
Tptal or Average 2,4 14,0 33,8 0,3 9,2
Table 43 — Direct and indirect WSF of bauxite mines
WSF petftype of input 2 |Input per t of bauxite Total produc.t ion of bauxite WSF
Type of mines
input Mm3 H,0-
Amount Unit Amount Unit Mt eq
Hgavy oil 2,0 m3 Hp0-eq/t 0,20 kg/t 30 0,012
Dipsel‘oil 31 m3 Hz0-eq/t 0,30 kg/t 30 0,028
m3 H20-eq/
Electricity| 0,35 MWh 0,90 MWh/t 30 0,009
Total indirect WSF 0,05
Total direct WSF of bauxite mines (see Table 39) 1,18
Total direct and indirect WSF 1,23
a  This table uses simplified values which are not intended to be reproduced.
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